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These proceedings contain a selection of papers presented at the National 
Conference on Energy Resource Manageoent which was held at the Baltimore 
Hilton Hotel, Baltimore, Maryland, September 9-12, 1982. The papers cover a 
wide variety of subject areas related to the conference theme, "Integration of 
Remotely Sensored Data With Geographic information Systems for Application in 
Energy Resource Management," and describe the current trends and advances in 
the application of these systems to a number of energy concerns. 

The APA Energy Planning Division co-sponsored the National Conference on 
Energy Resource Management with the National Aeronautics and Space 
Administration, the Nuclear Regulatory Comralsslo , and the U.S. Region of the 
Remote Sensing Society. The conference brought together for the first time a 
number of professionals in such diverse fields as remote sensing, geographic 
l^TTrsurtion systems, information systems, urban and regional planning, fish 
and wildlife management, geography, cartograpliy , systems analysis and resource 
extraction to name a few. The audience also had an international flavor ^Ith 
representatives from India, South America, Africa, Europe, Canada, Asia, and 
the United States. In all, nearly two hundred professionals met to exchange 
information and ideas regarding the Information needs to manage energy and 
natural resources that are used as feedstock, materials or special resources 
In support of energy development. Seventeen exhibitors displayed some of the 
latest hardware, software and services for use in resource management. 

On September 9, several preconference tutorials were given to provide a 
more detailed understanding of remote sensing, geographic Information systems, 
energy resource management, and facility siting. September 10 was the opening 
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session of the conference which vs chaired by Yale M. Schlffman, President of 
the Energy Planning Division, Sharing the responsibilities for running the 
meeting was Dr. James Brumfield, Director of the Marshall University Remote 
Sensing Program and Mr. William J. Campbell, Project Manager ERRSAC, NASA 
Goddard, Space Flight Center, Dr. John MacElroy, Assistant Administrator for 
Satellites, NOAA, U.S. Department of Commerce was the keynote speaker. Dr. 
MacElroy took this opportunity to make the first public announcement of NOAA's 
plans to commercialize the Landsat Satellite Program and also mentioned that 
similar plans are being evaluated for the nation's weather satellites. The 
closing session of the conference held Sunday, September 12, was chaired by 
Dr. Phil Cressy, Head of ERRSAC/NASA, Dr. Richard KotC, Senior Staff 
Member — U.S. DOE, Dr. Ray Harris, Honorable General Secretary of the Remote 
Sensing Society, Mr. Schlffman and Dr, Brumfield. 

The meeting closed on a positive note indicating that that there was 
indeed a need to continue dialog by specialists from this wide array of 
Interests. The emphasis should be on Improving the communication between the 
user community and the software, hardware and analytical support specialists 
In the field. Thus, this meeting serves as the starting point for a 
continuing series on the subject, the next which will be held in San 
Francisco, August 23-27, at the Hyatt Regency at Embacadero and In early 1984 
In Rio de Janeiro, Brazil. 

The interdisciplinary oriented conference provided a forum for presenting 
and discussing scientific works in the areas of energy resource management, 
remote sensing, geographic Information systems, other georeferenced data 
systems, environmental analysis and applied systems research. Nearly 200 
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scientists, engineers, planners, end other professionals froo eight countries 
contributed to these proceedings which were held over a three-day period, and 
In which nearly 100 presentations were given, nost of which are included in 
these proceedings. These papers will undergo an additional rigorous review by 
our editorial committee. The purpose of the additional review is to select a 
limited number of papers for Inclusion In a state of the art, hard covered 
publication that will be published In 1983. 

Since the main theme of the conference was "The Integration of Remotely 
Sensed Data With Geographic Information Systems for Application In Energy 
Resource Management," a large number of papers are Included In Volume I and II 
that deal with this topic. The proceedings have been organized along subject 
lines rather than In order of presentation. The editors felt the Information 
would be more useful to the readers if organized In this fashion. These 
papers examine. In Volume I, the techniques and procedures that have been used 
to Integrate remotely sensed data with geographic information systems, while 
In Volume II the papers explore the topic from an applications focus. Many 

t 

papers also explore the integration of remotely censed data with other 
georeferenced data systems. The proceedings clearly reflect the trends to 
Integrate remotely sensed data with a number of different georeferenced data 
systems and Illustrate an emerging Interest among a number of different 
specialties In energy resource management for use of these Integrated data 
systems In environmental assessment, facility siting, and facility planning. 

There also appears to be a strong interest In developing countries for 
the acquisition and utilization of low to moderate cost hardware and software 
for resource management. It is the opinion of the editors that this 
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conforence brou}>ht togethor a lalx of professionals the providers of 
hardware and software and the users — that needed to communicate with one 
ttnother. The conference provided the proper setting for an exchange of 
Information to take place, which will serve to improve the understanding of 
each other's needs In this emerging field. 

We believe chat wljat was started at the NASA-Aracs Research Center In 1981 
and expanded threefold In Baltimore by NASA-Goddard Space Flight Center’s 
F.RRSAC group util tremendously expand the domain and research activities of 
the specialists Involved in resource management In the years to come. 

As mentioned earlier, the conference proceedings are divided Into tv;o 
volumes. Volume I covers techniques, procedures and data bases while Volume 
IT focuse.) on applications. Volume I Is presented In two parts. Part I 
examines the techniques and procedures for extraction or reduction of data. 
Several papers compare teclinlques and procedures and data sources. Part 2 
examines the process of integrating remotely sensed and other georef erencod 
data hases Into geograplilc Information systems for use in modeling and 
resource management applications. This is accompllslied primarily by examining 
case studies and demonstration projects. Volume II is presented In five parts 
and Is applications oriented. Part I examines the application of these 
systems to energy and environmental resource management. Part 2 describes the 
systems use In energy facility siting, while Part 3 examines Its use In 
reclamation and surface mining. We also felt that this Volume would provide 
an appropriate framework for tlie examination of these systems use In various 
countries throughout the world. Several technique and procedure papers within 
an international context arc also presented in Part 4. There were several 
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symposia rtnil uHor forutno prost'iUed throiiRlunit the conference and these are 
presented In Varl S. At the end of each Volnrae we have Inc hided the abstracts 
of the related poster sessions. 

The wide spectrum of topics covered In these proceeding’s Indicate that 
systems researcli teclinlqoes and procedures related to remotely sensed data and 
otlier georeference data bases for Integration with Reo^ruphlc Information 
systems are belnj; Increasingly applied to a larger number of resource 
management applications where they are helping us Improve our ability to 
manage a finite set of the earth's resources In an environmentally sound 
manner. 

In conclusion, the greatest contributions of these proceedings are that 
they help us create greater awareness of the Issues among the designers and 
users of geographic Information systems anil georef erenced data bases. We hope 
that this will motivate each of ns to devote more effort to this field and 
expand our Interests even further In future meetings. 
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ABSTRACT 

Land cover information for the Clinton River Basin (Michigan) 
derived from Landsat Multispectral Scanner (MSS) data was compared with 
that from airborne Thematic Mapper Simulator (TMS) to investigate the 
probable capabilities of the Thematic Mapper (TM) launched aboard 
Landsat-A In July 1982. This paper reports the preliminary findings for 
one 7.5 minute topographic map, Ht. Clemens West. Significant improve- 
ments in land cover classification accuracy were obtained using TMS data 
as compared with MSS data. Overall mapping accuracy increased from 49 to 
61 percent with an improvement from 71 to 84 percent in the residential 
category. A combination of four bands with one band in each major region 
of the spectrum (visible, near IR, middle IR and thermal IR) provided as 
good a discrimination of land cover as all seven TM bands. Based on the 
improved land cover classification accuracy of TM, TM data has the poten- 
tial to provide more useful and effective input to US Army Corps of 
Engineers flood forecasting and flood damage prediction/assessment 
models . 


1.0 INTRODUCTION 

In a cooperative program with the US Army Corps of Engineers, NASA 
is evaluating the capabilities of Landsat-4 Thematic Mapper (TM) data 
for environmental and hydrologic applications. The spectral and spatial 
characteristics of the TM considerably exceed those of the Multispectral 
Scanner (MSS) carried by all Landsat satellites (Table 1), but the com- 
plexity and cost of analyzing TM data may make MSS data an attractive 
alternative for certain applications. Both NASA and the Corps are 
interested in assessing the relative effectiveness of TM, MSS and con- 
ventional data for land cover classification, particularly in urban/ 
suburban areas, and for developing parameters (c.g., Imperviousness) for 
input to hydrologic (flood forecasting) and economic (flood damage) 


ORIGINAL PAGE fs 
Oi^ POOR QUALITY 







T«?rj- 

-"j 





ORIGINAL PAGE IS 
OH POOR QUALITY 

models (Davis, 1979). In addition, it vould be particularly desirable 
tc establish a set of optimal TM band combinations for land cover clas- 
sification and related data analysis which could reduce processing time 
and cost while preserving accuracy and reliability. 

Several sites already under study by the Corps were selected for 
this program. This paper will report preliminary results for one of 
these sites, the Clinton River Basin in Michigan. Moreover, the data 
examined here were gathered by the Thematic Mapper Simulator (TMS), an 
airborne sensor designed to simulate TH spatial and spectral resolution 
prior to launch. 


2.0 SITE DESCRIPTION 

Tlie Clinton River Basin flows into Lake St. Clair, draining an area 
of approximately 760 square miles in southeastern Michigan Just north of 
Detroit. A detailed description of its topography, geology and climate 
may be found in Revised Plan of Study, Clinton River Basi n (Corps , 1980) . 

The basin has experienced an increasing number of floods in recent 
years accompanied by rapid growth and development, particularly within 
the floodplain. For these reasons, the Corps has developed and revised 
a plan for flood control measures. The Detroit District has established 
a data base and comprehensive watershed model using spatial analysis 
methods (SAil) developed by the Corps Hydrologic Engineering Center 
(Davis, 1980) as a basin-wide management tool to satisfy a wide range of 
planning needs. 


3.0 APPROACH (METHODOLOGY) 

Detailed land cover classifications were performed on TMS and MSS 
data of the Clinton River Basin using supervised classification tech- 
niques. Differences in interclass separability and classification 
accuracy were compared for various TMS band combinations. Preliminary 
processing, Including classification and accuracy assessment, was com- 
pleted for one USGS topographic map, Mt. Clemens West. Results from 
seven additional 7.5 minute USGS maps of diverse land cover will be 
evaluated in the future. MSS and TMS land cover information for the 
basin derived from these classifications will then be provided to the 
Corps for use in flood forecasting and damage calculation models to 
evaluate differences in model performance, particularly in terms of 
accuracy and sensitivity. 



I 



3.1 Data Acquisition (Collection) 

Relatively cloud-free, high quality Landsat MSS data from early 
summer (June 28, 1981) were obtained for the study site. TMS data were 
acquired by NASA on August 19, 1981, in a single 60-mile-long flight 
line stretching from the mouth of the Clinton River at Lake St. Clair 
through the town of Pontiac to Ortonville. These data at a spatial 
resolution of 31 meters were cloud-free and of good to excellent quality 
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in most bands. Color Infrared aerial photography was flown simul- 
taneously with the TMS aboard the NASA Earth Hcsourccs Laboratory's Lear 
Jet for use in visual interpretation. 

Twenty-seven USGS 7.5 minute (1:24,000 scale) topographic maps 
covering the Clinton River Basin were obtained. Using 1978 aerial 
photography, the Southeast Michigan Council of Governments (SEMCOG) pre- 
pared conventional land cover maps on mylar overlays at a scale of 
1:24,000 for the Corps Detroit District. Selected maps \rere digitized 
and converted to raster images for use in verification and accuracy 
assessment of TMS and MSS classifications. 


3.2 Preprocessing and Spatial Registration 

3.2.1 Preprocessing 

The Landsat MSS data were reformatted to remo'»e earth-rotational 
skew and synthetic pixels. Then the data were computer enhanced to 
facilitate the selection of ground control points and training areas. 

NASA's Goddard Institute for Space Studies (GISS) radiometrically 
corrected the TMS data for chainges in illumination across the scan line 
and resampled along each scan line to correct for the aircraft scanner's 
variable viewing angle. The 31-meter TMS thermal band was degraded to 
124 meters by simple averaging to simulate the spatial resolution of the 
Landsat-4 TM thermal band. No weights were used in the averaging 
process, as would be required to simulate the sensor point spread func- 
tion resulting from the optical properties of the scanner system 
(Sadowski and Sarno, 1976). A simple averaging, as in this process, 
significantly increases the signal-to-noise ratio above that which would 
be expected from the actual sensor. No attempt was made to simulate the 
thermal sensor signal-to-noise ratio that would characterize lower 
spatial resolution data or the distortion introduced by the forward and 
reverse scanning of the TM. This image was then expanded back to 31- 
meter pixels, where each block of 16 pixels had the same value, and 
merged with the other six bands of 31-meter spectral data. 

The other TMS bands had much lower dynamic ranges than are expected from 
the actual TM bands (NASA, 1982). Table 2 presents the means and 
variances of all bands. Since variance can be related to the signal-to- 
noise ratio, TMS bands 1, 5 and 6 had the lowest relative noise as con- 
firmed by visual examination. TM data is expected to provide a full 
radiometric range of 256 levels compared with as few as 54 levels from 
TMS (Band 6). 

3.2.2 Spatial Registration 

The TMS and Landsat MSS data covering the Mt. Clemens West area were 
spatially registered to the digital ground verification maps using ground 
control points. Sixty control points coamon to both data sets and uni- 
formly distributed throughout the study area were recorded and marked on 
the USGS 7.5 minute topographic map. The Universal Transverse Mercator 
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(UTM) coordinates were digitized froa the map using a Talos digitizing 
table with the Eleotronagnttic Systems Laboratory's Geographic Entry 
System (ESL/GES) . To produce an image data base representative of the 
UTM projection, the digitized coordinates were rescaled to image coor- 
dinates representing 30-mcter squa'ec pixels for TMS data and 60-Ci.eter 
square pixels for MSS data, with an origin at 33AOOOE and 4722000N; that 
is, the location of line and sample coordinate (0, 0) in the output 
image. Two third-order polynominal equations were used to model (in a 
least squares fit) the relations".. ip between image coordinates and the 
transformed U1"M coordinates. Control points with large residv-iJs were 
iteratively deleted until the final residuals ran-^ed from 0 to + 1.6 
pixels. Tile .MSS and TMS data were then resampled using nearest neighbor 
interpolation to 30 and 60 meter resolution. 

When the registration of the MSS and TMS data to the digital ground 
truth was checked on a display device, portions of the TMS data were 
found to be more than a pixel off. indicating that the third order poiy- 
nonlnal used was not adequate to prouuce precise registration of the 
entire flight line. Since satellite platforms are more stable, actual 
IM data should not present as much of a misregistration probrem. 


3.3 Supervised Classifications 

Forty trainl.ig sites were initially located in the TMS data using 
ground survey data provided by the Corps Detroit District Of. f ice and 
simultaneous color infrared aerial photography acquired by NAS/,. Statis- 
tics were generated for cacli site and saved in a special s'^atlstics file 
which could be easily edited. These sites represented th.e following land 
use categories used by the Detroit District: 

o Low-, medium-, and high-density residential 

o Institvitional, industrial, and conmierc lal 

o Active cropland 

o Woodlaiii 

o Extractive and barren 
o Brushland 
o Grassland 
o Wooded wot laud 
o Open wetland 
o Water 

A maximum likelihood algor Itlim was used to classify the whole T.MS 
data set ba.sed on stati.stics from 40 training sites. This classification 
image was thresholded using a chi-square confidence of 99 percent to form 
a second classil icatlon imago. Both classification images, tlic 
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thretiholded And unthrosholdcd, were displayed on an Interactive display 
device. Transformed divergence analysis was used to identify statis- 
tically similar sitcc (Swain and Pavis, 1978). Ten colors were assigned 
to the classes to represent the land use categories listed above. By 
flagging the same class in each image plane and flickering between the 
two classified images, it was possible to determine which classes needed 
to be thresholded or further refined. Major errore of omission and com- 
mission were found in tha grassland, agricultural, and brushland cate- 
gories. Moreover, much of tne T15S scene remained unclassified at the 
99 percent confidence level. Additional training sites were located in 
the image to minimise those errors, bringing the total number of training 
sites to 67. Once the entire THS scene was classified, the same statis- 
tics were used to classify the registered TMS data for the Mt. Clemens 
West area using the maximum likelihood algorithm. The resultant clas- 
sified image was thresholded using a chi-square confidence of 99 percent 
to form a second classified image. 


The same 67 training site statistics were also used to classify 
several data sets using other TMS band combinations. The first was com- 
posed of TMS Bands 2, 3 and 4, making it spectrally similar to MSS but 
with greater spectral and radiometric resolution. Transformed divergence, 
which measures the statistical separability between each class pair for 
all band combinations, was applied to the first 40 training sites to 
select optimal TMS band combinations from the 127 possible permutations. 
An optimal band selection would reduce processing tiiae while hopefully 
preserving most of the information content in the scene. The transformed 
divergence test identified Bands 3, 4 and 7 and 3, 4, 5 and 7 as tb 
optimum 3 and 4 bund combinations, respectively. Th_sc three TMS a 
sets, composed of Bands 2, 3 and 4; 3, 4 and 7; and 3, 4, 5 and 7 were 
(Classified using 67 training site statistics and a m. xlmum likelihood 
algorithm. Companion images thresholded at a chi-square confidence of 
99 percent were also produced. 

Both the thresholded and unthresholdcd classifications were cross- 
tabulated with the digital found truth. Using a simple plurality deci- 
sion rule, each training aiw- signature was relabeled based upon the most 
predominant land cover present . Using this method, discrepancies were 
quickly found between the category determined by the plurality rule and 
the land cover within the original training site. The majority of con- 
fusion was between grass' i (both natural and planned, such as Idleland, 
golf courses and parks) , agricultural areas. Using the plurality 
decision rule, the 67 classes developed from the training site statis- 
tics in both thresholded and unthresholdcd classifications were assigned 
to one oC ten catcgorloo; water, cropland, woodland, wooded wetland, 
open wetland, brush, grassland, commercial/ Industrial , residential, and 
extractive. 


The MSf- image was classified in a similar manner using 73 different 
training classes. Because of the difference in resolution between MSS 
and TMS data, lllS training cites were generally too small (i.c., had too 
few pixels) to use in classifying the MSS data. Both thresholded and 
unthresholdcd classifications were produced. 


3.M Aocm'ju'v AuHou^mout 
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For tho prclimluary acf.turtcy nt<so.stimcut , tJio tc'u hu»d cover ente- 
Aorlesi wove sKunrouateil Into alx becmuie no open wetlnnil aiul very little 
I'rnnhljuul or wooiloj wotlund wore precent In tlie Mt. Clemenn West nren. 
UrnsUlmid, wiodeJ wetland and woodland were therefore comhlju'd Into a 
single woodland cat«j;ory. Shtee the ext raet 1 vo/harren eatep.ory Included 
many construction sitos in 1*178 which by 1981 represented other land 
cover typos, this category was r»'r.u»ved from analysis. 

One bSilS quadrangle, Mt . Clemens West, was selected for the pre- 
liminary accuracy assousment. Although primarily residential, this area 
conta fixed many other small heterogenoous land cover parcels, Including 
Industrial plants, conttiiorclal buildings along major roadways, small 
ponds, golf courses, tiarrow woiidlaiuls along streams, and a few agrlenl- 
tnral fields. A plxel-by-plxul comparison was pcrlorracd helwcen the 
digit ir.ed griunul truth map of Ht . tUemeus West ami each corresipoud lug 
l.audsat MSS and lIlS c.Iuuslt Icat fon map. 

M.O KMSm.TS AND inSCl'SSlON 

The ri'sulllng comparison between the l.mulsat MSS land cover clas- 
It leal Ion ami t ho digit ir.cd ground truth data prepared hy SlTlCOi: Is 
sliown In Table '. Tables 4 through h compare classification results for 
the tollowlng TMS hand comblnat Ions: all hands; ^ ami 4; 3, 4 and 7; 

and I, 4, ,'j ,.|ud 7, rospuc.lively . Tahl*' 8 snmmarlres the Information for 

perconl correct ly classified by land cover category, band comblnat Ion ami 
i. I’ll So r. 


The ratlu’r low ovor.all classil leal iiui accnracli's of both 'ITIS and 
MSS ran be attributed to t bo bet ei ogeue It y of this largoly suburban area 
and till’ r Igv’tMus accuracy assessment applied. Altbougb these figure!! 
could be Improved through the use of mulLlt emporal 'lata, contextual 
c lassi f Ic.-it ion, or other more adviincod dlgll.al lechulipies, this might 
obscure the roiiultu ot greatest Interest; ;i comparison of per point laud 
Ct'Ver i' lass { I icat Ion capabilities hotwoen MSS ;ind TMS. 

lUass 1 f Ication of t ho 3-hand TMS data with iipectral band:s comp;ir;ible 
to the MSS shows a slight Improvement in accuraev over the MSS, bb per- 
i-enl versus 4’J percent. Moreover, the best 3-baml combimillou (hands I, 

4 ;iml 71, ;is ideutitleJ by t ranst ermed divergence au;ily!il!s, provided 
simll.'ir re.sults. 

Till' •’i-b;iml .uul 7-baud ITIS c lass 1 1 Icat toms :;bow cons Ider.ibl e overjiH 
improvement in accuracy over the MSS, t'l percent fer I'MS verssus 4'> per- 
iM'ut coriec.tly classllled tor MSS. The iiumt m'lable Improvement!! jire in 
gr.'iiis I ;tml , commerc lal and residential !ire;is. The lower water cla:<!illl- 
e;it Ion ai'eui';ii'y ol TMS can bo ;ittributed to the l;ict t b;il Ibo MSS clii!;- 
iillliMlt.'ii iiccuracy was determlmsl lor t tie wliole (piad r.ing t <• , wliere.is t lie 
■fMS d.-ita otilv cevorod Itio northern (ib percent ot ttie (pi.idiiingle. I'lils 
nort liern port ton rout atm; very small w.it or bv'illes tucliultng pvuids, rlveii! 
■lud ;i e.tual. The MSS data Ineliiilc'd ;i I'ort ton I't l.ake St. I't.-ilr wbtcb w.-ij! 
m't covered I'v I'MS. furl hei nwMe, the m I :iii'g t st rat ton ot t tie TMS itata 
wttli t tie grouml trull, was most mil leoahlo In Ih.il \'orl ion ot the ma\' cou- 
isliiliic I )(i> small water lu’ille!!. 
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Tlu^ ol servtU Ion tUnt. uolnft 7 Imndu Instead of 4 bands did not 
improve the elassirication uccuracy is supported by previous theoretical 
results of pattern-elassif lor systems. Swain and Davis (1978) suggest 
that for a fixed number of training samples there is an optimal number 
of spectral bands or brightness levels per bund. Increasing the number 
of spectral bands results in a higher and higher dimensional set of 
statistics to be estimated with a fixed number of samples. Theoretically, 
Increasing the dimenslouallty req\ilres more training samples to charac- 
terise tlio added variability, but with a fixed sample, classification 
accuracy can actually decrease. In this ease, the most optimal com- 
bination of- features contained four bands, with each band from a major 
region of the spectrum: visible, near Infrared, middle Infrared, and 

the thermal infrared. 


The above obsorvatJ.on Is further confirmed by examination of the 
Lhresholded results pre.seittod In Table 9. A chi-square confidence level 
Is riH-'orded for each elnsslfled pixel of the output classification in a 
second image. Using the chl-squared image, pixels at less than the 99 
pereeut eoi»f IJenoe level are eliminated from the classification and 
termed unclassified. As expected with a fixed .sample, the number of 
pixels classified dooreased as the number of b;inds Increased. Further- 
more, a marked Improvement in accuracy Is obtained -with the increase In 
the numhei of bands, although only half of the imago is clasi-.iflod at the 
99 percent eouf Idouce U'vel. 


The larger areas of lower conC Idouco (Table 9) when using Bands 3, 

4 and 7 may be due lit part to the lower spatial re.solutlon of Band 7 
(130 meters). This supposition will be examined In detail using 30m 
thermal data lu the future. Taken together, these results Indicate that 
a baud subset of 4 bauds was optlm.il for classification purposes, wliereas 
three hands significantly decreased the classification .-iccuracy. Tlie 
Improvevl T>18 spectral resolution therefore significantly Increased the 
c lassif leal Ion accnracios for the quadrangle. 



5.0 OONCU'.^ IONS ANll IMPLICATIONS 

These results are preliminary and any eonclustons drawn from them 
should he tempered with that cant Um. In particular, these results are 
based on only one topographic map from a heavily resident lal /commercial 
area. The ilata are from a Tbem;il le Mapper Simulator rather th:in the 
actual TM. Finally, the MSS d;ua were obtained In early summer while the 
TMS was flown In late smmue.r; therefore some of the dlffereuees noted 
eonUl be due to seasonal, atmospheric and sun angle effects rather than 
sensor dlfterenees. 

Based on t liese preliminary results, 'ITIS data produced a more 
acenrate and iipallally cent Ignou;: classification lb;in MSS for this study 
iilte. While l’'e accuracy of the 4-band TMS data set was almo.-st as good 
as t lie 7-b.ind, the l-b.inJ TMS data sets were only moiler.it e I y better than 
the MSS. These lesnUs Indicate that the Increased spectral resolution 
coiUrlbiitos to Improved e lass If icat Ion accuracy. The possibility of 
fi'ihic lug the data aiuilysis hiirih’n .issi»i' t;if I’d witli l.-irite IM d.-ita vi’ 1 nine:, 
tliioiigh eftec.t lvc luiiid :;eleetlon tlieretore appears promising. 
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The combination of bands selected baaed on the transformed diver- 
gence technique provided one band in each of the major regions of the 
spectrum: visible (Band 3) , near IR (Band 4) , middle IR (Band 5) and 
thermal IR (Band 7) . This selection agrees reasonably well with results 
obtained by Dottavio and Williams (1982) using linear discriminant 
analysis and Latty and Hoffer (1982) using divergence measures for 
forest types. This v/ould be expected in light of the Intercorrelaticn 
studies of Staenz et al. (1980). Additional related studies are sum- 
marized in Irons (1982) . 

The implications of the Improved classification accuracy cf TM3 data 
are important for Corps hydrological and economic modeling. In particu- 
lar, the higher accuracies for the developed categories (residential and 
commercial) should Improve the predictions of runoff in flood forecasting 
models and of flood damage for damage calculation models appreciably. 

The increased spectral sensitivity of TM may also improve calculations 
of watershed Infiltration capacity. Moreover, the promising results with 
band selection will permit users of the data to benefit from the improved 
clasalf Icatlon capability without having to deal with the entire data 
volume. 
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TO 

MSS 

Spectral Bands 

0.A5-0.52 


(jim) 

0.52-0.60 

0.5-0. 6 

0.63-0.69 

0.6-0. 7 


0.76-0.90 

0.7-0. 8 


1.55-1.75 

2.08-2.35 

lO.AO-12.50 

0.8-1. 1 

Spatial Resolution 

30 

80 

(m) 

120 (thermal) 


Radiometric Resolution 
(bits) 

8 

6 


Tabic 1. Til and MSS Sensor Characteristics 


Band 

Mininuira 

Maximum 

Mean 

Std. Dev 

1 

31 

255 

56 

10 

2 

A3 

255 

81 

18 

3 

2 

255 

72 

25 


2 

23A 

103 

19 

5 

0 

1A8 

A9 

10 

6 

0 

185 

29 

9 

7 

0 

255 

101 

30 

Note : 

The tliermal band 
Band 7 as on the 

on the Thematic Mapper is Band 6, 
Thematic Mapper Simulator. 

bate: 

8/19/81 

Time: 9 

:59 a.m. 

local Time 


Table 2. Summary Statistics for TMS Flight Line of 
Clinton lUvor, Michigan 



298 




Water 

Apricutture 

Woedieixl 

Qreta 


l~ SontmercM/ 
n Induitriel 


ReeldMitid 

Tote! 


ORfGiNAL PAGE IS 
OF POOR QUALITY 


KISS CATtGORISB 


Woter 

ApricutUire 

VVoocRcnd 

Qreee 

Commercial/ 

IrKluatrial 

Rtc.^!«ritlr:4 

Total 

Pereaot 

Correct 

2S2 

23 

22 

21 

74 

a 

<33 

Cf 

4 

330 

MS 

331 

70 

£84 

1877 

23 

6 

KO 

1321 

E23 

(3 

G79 

2717 

C3 

S 

1047 

2m 

22 ca 

CCS 

5C57 

1M78 

22 

10 

1043 

2«7 

34S 

2341 

1CS3 

020 

49 

11 

2073 

less 

1139 

831 

12433 

17S33 

71 

3S0 

4730 

S403 

4C82 

4CC2 

1Sf2$ 

35379 

<9 


Table 3. Comparison of Ground Truth Data and MSS Classification for 
Mt. Clemens West 


TMS CATEGORIES lAU RANDS) 


Ground Truth 
CBtc.’poriet 

Wetar 

Aoricutture 

Woodland 

Qresa 

Com mi re Id/ 
Industrial 

Raaldsntlel 

Total 

Pfreent 

Correct 

Wetcr 

2S4 

3 

47 

ft 

151 

233 

C37 

33.2 

Aorlculture 

IS 

2.331 

<33 

3.439 

144 

1,451 

7.K5 

23.3 

Woodland 

27 

1.1» 

4,033 

2,222 

230 

1.W5 

0.E47 

41.9 

Orese 

117 

1.449 

2,127 

10,373 

1,174 

11,433 

S2.C31 

C3.2 

Commercial/ 

Industrial 

4 

20 

18 

757 

6,548 

4,739 

11,133 

0.0 

Reeldantlsl 

42 

378 

533 

4,470 

1,430 

3S.7C3 

42.C94 

83.0 

Total 1 

453 

5.277 

7214 

27.414 

8,716 

ts.oi 

IM.OM 

61.4 


Table 4. Comparison of Ground Truth Data and TMS (All Bauds) Classification 
for Mt. Clesions West 


! 
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TMS CATEGORIES <SAfi03 2. 3, *) 


Oround Truth 
Catagariea 

Vlatar 

AgricuHitrc Waodlond 

Qrs^ 

CemntorclrJ/ 

Icuiustrial 

RnsSdsntjsl 

Totel 

Pcfcsnt 

Comtci 

Wete» 

Z2S 

It 

30 

197 

IIS 

1E0 

C57 

23.4 

Agricuitur* 

a 

i,«a 

333 

3,S57 

104 

1,C:3 

7,l?3G 

1S.6 

Woodland 

2 

334 

3,703 

2.TZS 

80 

1,853 

9,547 

33.8 

Grass 

61 

1,010 

1,721 

15,671 

820 

13.1C3 

32,CS1 

43.0 

Comma rc! el/ 
Industrial 

12 

1S7 

IS 

£30 

6,0S> 

4,C33 

11,130 

4S.G 

RctldontScI 

44 

229 

529 

9,1C0 

1,175 

31,639 

42,804 

74.0 

Total 

336 

3,247 

6,3a» 

33,810 

7.432 

53,3:3 

104,634 

E5.3 

Table 5. 

Comparison of Ground Truth Data and 
Classification for Mt. Clemens West 

TMS (Bands 2, 

3, 4) 





I 
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TT<!S CatBSOf!^ (Eicndj 3, 4, 7) 


Ground Trutli 
Cstogorios 

Water 

Agricultura 

Woodland 

Grass 

CemmoreW/ 

tndustHel 

Residential 

Total 

Percent 

Correct 

VVetsr 

2C0 

8 

es 

115 

151 

203 

C37 

S2.2 

Agriculture 

33 

1,6K> 

470 

3,619 

14S 

2.139 

7,C35 

19.8 

Woodland 

20 

2C4 

4.129 

3^31 

219 

1,637 

0,647 

43.2 

Grets 

133 

1,512 

2,032 

15,478 

1,070 

12,334 

32,C31 

47.4 

Commsrcicl/ 

IftduetricI 

14 

5SS 

14 

1,301 

5,233 

3,E3 

11,133 

47.0 

HesU^ontiaS 

39 

819 

832 

11,273 

1,377 

23,CM 

42.C04 

C7.3 

Totcl 

6C1 

4,03 

7,339 

34.SS7 

8,183 

43,£31 

104,634 

13.0 

Table 6. 

Comp 

arisen of 

Ground 

Truth 

Data and 

TMS (Band 

S 3 , 4 

, 7) 


Classification for 15t. Clemens West 
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TT4S CATEGORIES (GAN03 3. <, S, 7) 


Orciaid Tnrtii 
Cat3B3ri33 

VVatCT 

Agricuttura 

IVoadiend Grcsa 

ComiiroTclal/ 

Industrial 

Totd 

Percent 

Cc«T»Ct 

V/atsr 

220 

1 

C4 

C3 

134 

163 

C07 

33.0 

Aerieuhure 

24 

i,ets 

<o 

4,157 

133 

1,237 

7,E3 

23.7 

V/oodlcnd 

42 

G93 

4,CS3 

2,£31 

za 

1,CM 

0,647 

42.7 

Oram 

1£9 

1,243 

2,C32 

17,£31 

1,217 

10,075 

32,CS1 

64.0 

Commercial/ 

ie 

76 

14 

EM 

B,C77 

4,454 

11,m 

61.0 

Industrial 









RsfUlantlal 

C5 

<33 

639 

C,«37 

1,ES7 

34,339 

42.C04 

C0.6 

Total 

CCS 

4,243 

7,ia 

31.K9 

9,E!3 

61,C31 

1M.C04 

61.3 

Table 7. 

Comparison of 

Ground 

Truth 

Data and 

THS (Bands 

3, 4, 

5. 7) 


Classification for Mt. Clemens West 


PERCENT CORRECT 


Gonsor 

Water 

Agricuituro 

Woodland 

Grass 

Commsrcicl/ 

Industrial 

r^osldsntlcl 

Total 

Psreent 
Averegs by 
Catsuory 

MSS 

CS 

20 

43 

22 

<9 

71 

<3 

43 

TMS 

(Csnds 2, 3, 4) 

23 

19 


49 

46 

74 

E5 

42 

TMS 

(Bands 2, 3, 41 

32 

20 

43 

47 

47 

C7 

63 

43 

TMS 

(Cends 3, 4, 6, 71 

33 

24 

43 

E5 

61 

eo 

61 

43 

TMS 

(All Sands) 

35 

2S 

42 

a 

60 

C4 

61 

43 


Table 8. Classification Accuracy Assessment Summary, 100% Classification 
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PERCEOT CORRECT 



Table 9. Classification Accuracy Assessment Summary, 99% Chi-Square 
Confidence Level 
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ABSTRACT 

Information is presented on the use of color infrared aerial 
photographs and ground sampling methods to quantify standing forest 
biomass in Appalachian South Carolina. Local tree biomass equations 
are given and subsequent evaluation of stand density and size classes 
using remote sensing methods is presented. Methods of terrain 
analysis, environmental hazard rating and subsequent determination of 
accessibility of forest biomass are discussed. Computer-based 
statistical analyses are used to expand individual cover-type 
specific ground sample data to area-wide cover type inventory figures 
based on aerial photographic interpretation and area measurement. 
Forest biomass data are presented for the study area in terms of 
discriminant size classes, merchantability limits, accessibility (as 
related to terrain and yield/harvest constraints) and potential 
environmental impact of harvest. 


INTRODUCTION 

South Carolina, like many other states, is heavily dependent 
upon non-renewable fuels obtained outside its economy for a large 
portion of its energy needs. Many industries are using natural gas 
or fuel oil to meet their energy needs and these fuels are 
particularly vulnerable to fluctuations in cost and supply. Thus, 
alternative, local sources of energy, such as v/ind, solar, and 
biomass are becoming increasingly more attractive. This study was 
undertaken because information available on the amount and 
availability of X\?ood resources was insufficient to allow confident 
commercial decisions to be made about convertirsjj to v;ood as a fuel. 

Past inventories of the forest resource have been made primarily 
as an assessment of conventional products such as pulpwood and 
lumber. Net forest growth of this commercial material is currently 
double the amount harvested in Appalachian South Carolina ^Snyder, 
1978). Forest industries have not quantified the non-merchantable 
material, the tops and limbs of merchantable trees, the trees less 
than A inches diameter breast height (dbh) , and the trees too crooked 
or defective to be of much conventional commiercial value. These 
unquantified materials are often considered to be the potential fuel 
wood resource. 
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The hardwood material in the study area that is traditionally 
classified as pulpwood has fev; markets compared to its abundance. 
Hardwood is the predominant forest cover type in each Appalachian 
county and much of it is of low quality (Snyder, 1978). Should the 
future bring an increase in the demand for these naturally 
reproducing and growing hardwoods, such as for fuel wood, forest 
managers in this area may be able to reduce the expensive need for 
removing "junk hardwoods" from potentially productive sites and, 
thus, stop spending enormous amounts of money in clearing land so 
that the currently more commercially valuable pines may be planted 
and managed effectively. 

However, before any effort can be made to entice large users of 
energy in this area of South Carolina to convert to energy systems 
that utilize wood biomass, the amount and stability of supply/cost of 
such fuelwood must be clearly established. Such determinations must 
inclu'^e the total amount of biomass available, the portion of the 
total that is readily accessible, and from a logging and ownership 
standpoint, the amount and location of excess low value conventional 
products that would be readily available to any potential fuel wood 
user. This study was designed to provide the types of data that will 
help encourage the use of wood for industrial fuel in upstate South 
Carolina. 


MATERIALS AND METHODS 

1.1. Standing Forest Biomass 

Multiphase sampling involving aerial photographs and ground 
samples was used to quantify the standing forest biomass in the six 
counties that make up the Appalachian portion of South Carolina 
(Figure 1). Estimates of the forest biomass v;ithin predetermined 
naturally-occurring species groups or forest cover types were made 
from measurements of trees on ground sample plots within the 
different forest types. Aerial photographs, interpreted with the aid 
of ground samples, were then used to calculate the number of acres in 
each forest cover type and the total acreage of forests within the 
study area. Biomass was estimated based on equations derived from 
individual tree measurements and stand tree size and density 
estimates for each cover type taken from aerial photographs. 

Color infrared aerial photographs were taken by the Clemson 
University Department of Forestry in the form of thirteen strips 
located nine miles apart at a scale of 1/12,000 (Figure 1). The 
photographs were developed as positive transparencies and viev;cd on 
light tables. Aerial coverage was taken in early spring of 1980 to 
allow maximum forest cover type differentiation, based on foliage 
coloration. 

A two-man crew collected ground sample data during a six -month 
period. Groups or clusters of three samples were taken at 95 
locations so as to coincide with the aerial photographic coverage 
(Figure 1). On each plot, sample trees were selected with an ocular 
prism method ( basal area factor 10 - Grosenbaugh, 1952) and measured 
or observed for each of the following factors; species, dbh , total 
height, defects, product class, and canopy position. Trees less than 


*in/i 
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Figure 1. Locations cf aerial photographic strips 

and ground sample groups in the six county 
study area of Appalachian South Carolina. 


3.6 inches dbh were sampled with a 1/ 100th acre rectangular plot. 
For every tree on these small plots, species, dbh (in 1 inch 
classes), and total height were recorded. 

In addition to the individual tree data, detailed descriptions 
of the surrounding site or stand (a group of similar, associated 
trees) were made at every point. The general area or stand v’as 
evaluated for forest cover type, understory vegetative cover, 
topography, erosion hazard, and accessibility. Site quality was 
determined by using tree heights, increment core age sampling, and 
species cross reference site index curves (Hamph, 1965). Site 

quality was expressed as site index (height at base age 50 yrs . ) f ^r 
commercial southern pines. 

On the aerial photographs forest cover types which were usually 
stands were delineated on clear acetate by trained 
photo-interpreters. The overall land classification scheme included 
two general classes, forest and non-forest. The forest land was 
subdivided into major forest cover types, pine, hardwood, nixed 
pine-hardwood, harvested, and damaged forest. In turn the major 
types were further subdivided into specific cover types as follows; 
two pine types (natural or artificial, depending upon how they had 
been regenerated), four hardwood types (sv/amp, bottomland, cove or 
upland, based on physiographic site types) , and three mixed types 
(26-40% pine, 41-60% pine, or 61-75% pine, based upon the proportion 
of pine stocking) . These specific cover types were felt to bu of 
sufficient difference in biomass productivity to warrant separate 
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delinention and biomass estimates. The area in each specific cover 
type was estimated for each county from the photographs using a dot 
grid overlay of A dots per square inch (Bonner, 1975) and expressed 
in acres. 

Since forest biomass corresponds closely with tree size and 
stand density (number of trees per acre) , a systematic group of 
samples was taken on the aerial photographs with a grid dot overlay 
of one dot per square inch in order to estimate these parameters for 
each cover type. At each dot a tenth-acre, scaled, circular plot was 
superimposed on the delineated cover type (stand) and the photo 
interpreter estimated tree density (crown closure class) and tree 
height class for that sample. Tree height class was based on the 
average height of visible crowns within the scaled tenth-acre plot, 
according t' the class limits shown below. 


Tree .l e i^ht Class 

2 

3 


Descrip tion 

Short 

Medium 

Tall 


Class Limits (feet) 


/iO-85 

90+ 


Crown closure class (stand density) was defined as the percentage of 
the photo-plot occupied by visible tree crowns when compared to 
predetermined crown density reference scales. The closure classes 
used are shown below: 


Closure Class 

1 

2 

3 


Description 

Light 

Moderate 

Heavy 


Canopy Closure (percent) 

40-70 

75-100 


Biomass per acre on the ground was correlated to the stand crown 
closure ami height classes on the aerial photographs and cover type 
specific biomass prediction equations were developed using the stand 
stocking and size parameters, crown closure and height class, as 
predictive variables, such as described by Mead and Smith (1979) in a 
similar case. 


1.2. Individual Tree Biomass 

Local biomass equations were developed for specific use in this 
survey. These equations were derived 1 rom individual tree biomass 
prediction equations for various species of the Piedmont and 

mountains of the Southeast provided by the U. S. Forest Service 
(Phillips, 1980) and were weighted by the frequency with which 
various species were tallied during ground sampling. All equations 
were used to predict greeu weight above ground biomass in pounds for 
individi.al trees. Separate local equations were developed for each 
species group and for tlie different product components within each 
species group, e.g., sawlogs, pulpwood, crown, a.s shown below. 

Soft hardwood overstory trees; ^ • poion 

Total Tree Biomass (green pounds) = 0.121130“!. 

Hard hanlwood overslory trees: o i niy’nn 

Tot. ’ll Tree Biomass (green pounds) ” 0.14415D“H 
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Loblolly nine ovorstory troos: -i n-iArQ 

Total Tree Uiomaaa ({\rcen pounds) *• 0.114/<8D‘‘H 

Short loaf and pitch plno ovorstovy trees: . iiQU 

Total Tree lUomass (p.reen pounds) - 0 . Ob I'/bn'll 


VIrglt\la and white pine overstory trees: .> f, oivyof, 

Total Tree lUoniass (p,reen pouitds) ~ 0 . L’776bD‘'ll 


Hard hardwood understorv trees: 


Total Tree lUoiuass ({treen pounds) •* 5.0b20')(n ) 


2,1.15258 


Soft hardwood understorv trees: 


Total Tree Ulouiass (preen pounds) - 188b (IV ) 


2 , 1 . 2011 /* 


Pine luulerstorv trees: 


Tot.al Tree lUomass (preen pounds) - 5.00209(0*') 


2,1.15258 


Where: 0 - diameter ovitslde hark (Inches) at /i . 5 feet helpht 

II - tot.al tree helpht (feet) 

ami: All eiiu.it ions are for preen welpht , wood and hark In above 

prouiut port Ion of tree. Foil. ape Is Included In pine 
overstiuy tree equations, hut not in those for h.ardwoods. 
Specific sources of eqvi.at Ions mav he found in Nix et al. 
(M>Sl). 


I . ;l . Area-Wide lUomass Kstlm.ates 


To estlm.ate tot.al biomass over the six-county study .area, 
repression equations were derived to predict total biomass based on 
forest cover type, stand crown closure class, and helpht class. 
Svihsequcnt estimates of tot.al biomass |ier .acre within cover typ«'s attd 
covinties were ha:u'd on phot o- Int erpret eil samples. liquations used to 
predict preen weipht biomass (in tons per .acre) for cover types are 
p.lveu below; 


Cover Tvpe 
n'ue' 
ll.ardwvH^d 
M l X e d 
All Forest 



Prediction F.iiu.at 
- 78 . /r^^l-^bTTWtT^T- 

ion 


CW - 

r 

3l . 251UHT) 

.IT7,7 

c.w - 

-/..Mil t 21.b28tCC) 

t 

:17.510(HT) 

.897 

CW - 

2/«.75b 1 0.8;i‘Uiui> 

t 

27.728(HT) 

.888 

c.w - 

-l‘>.20l ^ l9.bb.'(CC> 

♦ 

39.20UHT) 

.873 


Where CW - r.reen weipht (tons/acre) 

CO - crown closure cl. ass 

UT - stand helpht clas;; 

Althoviph i\o provmd s.amples were t.aken l\* dam.aped forest .areas 
(dise.ase, insect . or lire d.am.ipeii), phot n- I nt I'lpret ed plots were used 
to prevllct tot.al stand biomass In tliis cover type by utllir.iup the 
equ.it ions developed lor .all forest l.uul. 


I . /» . Access i h { I 1 1 y 


F.ach f I e I d p 1 lU w.as c I ass I f i cd 
'ssible under cert.aiu conditions 


IS til re.adlly acce;; s lb le , (2) 

and (if .acccs.siblc only with 


ui; 





considerable effort. Factors utilized in evaluating field plots 
included drainage conditions, size and isolation of the forest 
property, nearness to road network, and topographic configuration 
which included both degree of slope and terrain variability. These 
factors were also considered in interpreting accessibility for each 
photo-plot on the aerial photographs using both planimetric and 
topographic maps. Accessibility criteria were evaluated for each 
photo-plot and accessibility classes were assigned based on the above 
information plus additional physical examination of unusual 
conditions and constraints that might have influenced accessibility, 
such as deep streams with no evident crossing, extremely steep or 
rough topography isolating a stand from all-weather roads or other 
obstacles like svjamps, cliffs, or gulleys. Slopes exceeding 30Z were 
considered difficult, those exceeding 40% were rated very difficult. 

Because of the strong influence of slope and ground coyer on 
potential environmental hazard of harvesting (erosion/siltation 
potential) , slope assessment and ground cover evaluation were related 
to specific cover types delineated and used to rate forest acreage 
for potential site impact due to harvesting fuel biomass. Hazard 
ratings closely corresponded to accessibility ratings and were 
considered equivalent for restricting potentially harvestable acres. 


1.5. Logging Residues 

The study field crew cooperated with personnel of the South 
Carolina Forestry Commission in a state-wide collection of logging 
residue data including the study area. The line-intersect method of 
sampling (Van Wagner, 1968) was used in estimating the biomass of the 
branches and cull logs that covered the sites already logged. For 
the timber left standing, the dbh and height of standing trees was 
used together with a prediction equation for understory soft 
hardwoods (Phillips, 1980) to predict standing residual biomass. 


RESULTS AND DISCUSSION 

2.1. Forest Cover Type Estimates 
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The basic procedure used in this study for estimating forest 
acreage is very similar to that used by the U. S. Forest Service, 
Southeastern Forest Experiment Station to estimate cover type acreage 
in the detailed and intensive Forest Survey (Sheffield, 1979). 
Personnel of the U. S. Forest Service (Knight and McClure, 1980) 
provided data which allowed a comparison of estimates of the number 
of acres of forest land in the six-county study area to estimates 
made by the Forest Survey (Table 1). Except for one county, the 
Forest Survey estimates of forest land area were consistently higher 
than those of this study. The definition of forest land used in this 
study does not encompass all forest land termed "commercial" by the 
Forest Service. The U. S. Forest Service estimates of forest land 
area include "land at least 16,/ percent stocked by forest trees of 
any size, or formerly having had such tree cover, and not currently 
developed for non-forest use" (Snyder, 1978), The current study 
excluded many acres that were included in the Forest Service 
definition, i.e., from a practical standpoint there is little 
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Table 1. Estimates of forest land area in Appalachian South Carolina, including 
"secondary" forest land that was not inventoried in this survey. 



Land. 

U.S.F. 

S. 

Clemson Survey 

"Secondary 

M 


Area'*’ 

Forest 

Area 

Forest 

Area 

Forest Area 

County 

(M-acres) 

(M-acres) 

(Z) 

(M-acres) 

(Z) 

(M-acres) 

(Z) 

Anderson 

477 

208 

44 

170 

36 

38 

8 

Cherokee 

253 

156 

62 

130 

51 

26 

11 

Greenville 

508 

300 

59 

255 

50 

45 

9 

Oconee 

400 

284 

71 

270 

67 

14 

5 

Pickens 

321 

215 

67 

198 

62 

17 

5 

Spartanburg 

531 

271 

51 

272 

51 

0 

0 

Total Area 

2,490 

1,434 

57.6 

1,295 

52.4 

140 

5.2 

^U. S. Bureau 

of Census 

estimates (includes water). 

M-acres 

= 1,000 

acres . 
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liklihood of the harvest of "residential forest," fringe areas or 
small isolated stands (< 5 acres). In the six-county study area, 
"primary" forests occupy 52.5% of the total land area (including 
water), and "secondary" forests occupy another 5.2% (Table 1). 

The extent of the forest cover types within the study area and 
total biomass estimates are summarized in Table 2. It is apparent 
that hardwoods are the predominant forest type in every county. 
Based on cover type classification of primary forests, 25.4% of the 
land area is occupied by hardwoods, 13.2% by pines, and 11.7% is 
occupied by the mixed pine-hardwood type. The cover type proportion 
estimates reflect differences in physiographic and land use 
conditions of the six counties. For example, the most rugged 
counties (Oconee and Pickens) have high percentages of primary forest 
while Cherokee County, which has been farmed heavily in the past has 
substantial (11%) secondary forest land (Table 1). 


2.2. Standing Forest Biomass 
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There is a significant proportion (26%) of the study area 
biomass in the non-merchantable category (Table 2) j and in addition, 
low value hardwood pulpwood constitutes a significant proportion 
(25%) of the biomass in the most prevalent cover type (hardwood). 
The hardwood cover type also has the highest average standing biomass 
per acre (94.8 tons). These two factors, high yield and high 
acreage, make the hardwood cover type the major source of biomass in 
the study area. 


Surprisingly, the amount of biomass per acre differed little 
among the specific cover types within major cover types, although, as 
shown in Table 2, the major cover types differed considerably. For 
example, within the mixed pine-hardv;ood cover type the various 
proportions of pine, 26-75%, affected estimates of biomass by less 
than 1 ton per acre, while within the hardwood cover type biomass 
estimates differed by as much as 30 tons per acre from the swamp to 
the bottomland hardwood cover type (data not sho\m but available - 
Nix et al., 1981). Thus, subdividing the major cover types into 
specific types was useful in improving accuracy of biomass estimates 
in some cases (the hardwood cover type) but not in others (the mixed 
pine-hardwood cover type) . 


Large amounts of the standing forest biomass in the six counties 
will normally be utilized for products higher in value than energy 
wood, e.g. , the 36.2% that is sawtimber and pine pulpwood. Under 
current economic conditions, forest biomass with potential use for 
sawtimber products would rarely be used as energy wood. Although 
manufacture of sa^m products results in substantial wood waste much 
of this material is already being used for fuel by the forest 
industries. There is a reasonable demand for pine pulpv70od products 
within the study area, although this demand varies locally. Hardwood 
pulpwood which is 18.3% of the total biomass is of considerably 
reduced demand and value, and much of this category could be 
harvested as energy wood. Trees above 3.5 inches dbh but below 
pulpwood size (4.6'V dbh), the tops and crovms of trees utilized for 
pulpwood and sawtimber, and hardwood species that are not used for 
conventional products constitute an appreciable 'non-merchantable' 
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Table 2. Proportion of total land area in Appalachian South Carolina in the forest cover 
types and distribution of biomass by product categories. 


Cover 

Types 

Portion of 
Total Area 
(%) 

Total 
Biomass 
(MM G. Tons) 

Tons/ 

acre 

Product Category Distribution 

Pine Hdwd Non- Trees < 

Sawtimber Pulp Pulp Merch. 3,6" dbh 






Percent 

of Total 

Biomass 

Pine 

13.2 

30.3 

91.4 

23.1 

35.2 

3.4 

22.2 16.0 

Hardwood 

15. k 

59.0 

94.8 

24.9 

3.7 

25.3 

26.2 19.9 

Mixed 

11.7 

23.6 

82.1 

17.7 

12.3 

21.5 

26.7 21.8 

Harvested 

2.0 

2.0 

39.2 

0.0 

0.0 

0.0 

61.7 38,3 

Damaged 

0.1 

0.2 

56.7 

23.6 

35.9 

3.5 

22.6 14.4 

All Forest 

52.4 

115.1 

88.8 

22.4 

13.8 

18.3 

25.9 19.6 

^Percentages 

in product 

categories are 

foi cover 

types. 
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category (265! of the total biomass) in the six counties. The 
non-merchantable standing biomass is the category with the greatest 
potential for use as energy wood; but because of its low value, its 
harvest may be linked with conventional product removals. Although 
technology continues to be developed for utilization of small stems 
(below 3,6" dbh) , it is questionable whether this size material can 
be harvested economically on a large-scale basis with current logging 
equipment. The hardwood pulpwood together with the non-merchantable 
category > 3.5" dbh make up AA.2Z of the total or about 51 million 
green tons of potential fuel wood in the study area. 


2.3. Accessibility of Forest Cover Types and Biomass 

The percentages of forest cover type areas that were rated in 
the three accessibility classes are shown in Table 3. Approximately 
87% of the primary forest area was rated as 'readily accessible.' An 
additional 10% was rated as 'accessible under certain conditions,' 
and only 3% was rated as 'accessible with considerable difficulty.' 


Table 3. Distribution of forest cover type acreages in three 
accessibility classes in Appalachian South Carolina. 


Access . 
Class 


1 

2 

3 


Pine 


9A 

5 

1 


Cover Type 

Hardwood Mixed Harvested Damaged Total 
■' Percent of Total Area 


82 

13 

5 


86 

11 

3 


95 89 87 

5 11 10 

0 0 3 


There was little variation in the distribution of forest land 
among accessibility classes between counties. On the other hand, 
because of differences associated with physiographic site conditions 
common to cover types, there was considerable variation in the 
general accessibility characteristics of the different forest cover 
types (Table 3). For example, the least accessible type is the 
hardwood cover type, of vjhich 82% v;as classed as readily accessible 
as compared to 9A% for the pine cover type. 

Because of the very close correlation between accessibility and 
harvesting hazard and due to the manner in which the two parameters 
were evaluated, they can be considered equivalent in this study. 
Thus, an average of 13 percent of the forested acreage in the study 
area was rated as potentially too fragile to enter with mechanized 
equipment for fuelwoed harvest. In addition, because of cover 
type-physiographic interrelation, some cover types are more 
restricted than others, e.g. , 18 percent of the hardwood typo acreage 
could be considered in a "harvest with care" category (Table 3). In 
a careful , detailed examination of data accumulated by the USDA 
Forest Service's Renewable Resources Evaluation Unit, Dissmeyor (1979) 
indicates that as much as 20 perceT\t of the forested area of the 
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South Carolina Piedmont could be in a high risk category for 
intensive harvest-related activities. Because of the presence of the 
mountain site types in the six county area, it would not be 
unwarranted to assume an even higher proportion of high risk forest 
acres in the Appalachian counties than for the Piedmont Region as a 
whole. Thus, for the hardwood type in particular, the 18 percent 
restricted acreage value may be an underestimate by as much as 
10 percent. 

The acreage of primary forest in a county is the major reason 
for differences in total biomass among counties. As shovm in 
Table 4, the amount of total biomass in a county increases directly 
with the amount of forest land and readily accessible biomass follows 
the same course. The differences among counties in the amount of 
biomass that is readily accessible are only slightly ameliorated by 
the interactions that occur between the total forest acreage and the 
accessibility and the biomass per acre of iftdividual cover types 
within counties. Since the least accessible cover type, Hardwood 
(82Z readily accessible) , also happens to have the highest biomass 
per acre (94.8 tons per acre) the counties having a high proportion 
of hardwood acreage (Oconee - 36Z and Pickens - 31Z) do not depart 
appreciably from the high acreage-high biomass pattern typical of the 
study area. 


Table 4. Forested area, total biomass, and readily accessible 
biomass for counties in Appalachian South Carolina. 


County 

Total Primary 
Forest Area 
(M acres) 

Biomass (I’M G. Tons) 
Total Readily accessible 

Percent 

of 

Total 

Anderson 

170.3 

15.3 

13.4 

87.6 

Cherokee 

129.7 

11.5 

10.1 

87.8 

Greenville 

255.2 

23.3 

19.8 

85.0 

Oconee 

270.4 

23.4 

20.1 

86.0 

Pickens 

197.6 

17.4 

14.9 

85.6 

Spartanburg 

272.4 

24.3 

21.2 

87.2 

Total Study 

Area 1,295.7 

115.2 

99.6 

86.4 


2.4. Harvest Residues 

Based on the results of the cooperative study with the South 
Carolina Forestry Commission, it was estimated that 21.7 green tons 
of felled material (crowns, cull, v;aste) were left per acre after 
logging. Based on the biomass prediction equations, an average of 
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5.7 tons of standing material, greater than 3.5 inches dbh, were left 
on the average acre after logging. Based on 285 ground samples, the 
average forested acre contained 17.0 tons of biomass in material less 
than 3.6 inches dbh. Thus, the average acre could supply 44. A tons 
of biomass in addition to the amounts removed as conventional wood 
products, provided that the material could be harvested economically. 

A similar estimate was obtained in a different manner. The 
product-size categories listed below and estimated from ground sample 
plots in the field were assumed to have minimal commercial value and 
would, thus, constitute probable logging residues. The total of 
40.1 tons per acre includes undersized and cull material as well as 
upper stems and crowns. It does not include any hardwood pulpwood, 
some of which may be left behind in many operations due to its low 
economic value. 


Product- size Category 
Pine Non-merchantable 
Pine Understory 
Hardwood Non-merchantable 
Hardwood Non-commercial 
Hardwood Understory 


Average Biomass 
(green tons/acre) 

7.5 

1.7 

13.9 

1.7 

15.3 


TOTAL 


40.1 


The harvested acreages in each county were divided into cleared 
(site prepared) versus not cleared sites using aerial photographs. 
The uncleared sites were assumed to contain 44.4 tons of residual 
biomass per acre. VJhile no biomass estimates were attached to the 
cleared sites, these should be recognized for their potential to 
supply an average 44.4 tons/acre of residues prior to clearing. The 
estimates of acreages and biomass of harvested stands are listed in 
Table 5. Nearly 2 million tons of logging residue remains after 
harvest in the six county area. 


2.5. Estimates of Potential Productivity (Annual Growth) 

In considering the availability of forest biomass for industrial 
fuel use, the aspect of sustained or stable supply of fuel must be 
considered. To this point the subject ot the standing forest 
resource has been addressed as if it were a relatively static 
phenomenon. Forests are, fortunately, not static, but rather are 
like the principal of a savings deposit that draws compounded 
interest. As such, the availability of forest biomass for any use 
should be assessed on the basis of growth or annual increment. 

'■Forests are normally managed such that a resource base is established 
of sufficient size to produce an annual increment or growth that is 
at least equal to the annual demand placed on the forest. After such 
condition is reached, sustained or stable supply is assured. In as 
much as such a sustainable supply of biomass fuel would be highly 
desirable, it was necessary to estj.mate current and future annual 
growth for the six county study area. Additionally, the estimates of 
growth must reflect accurately the impact of harvest removals and 
natural mortality, that is, they must be estimates of net growth. 
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Table 5. Acreage in cleared (site prepared) versus not cleared 
logging sites with resulting logging residue estimates 
for Appalachian South Carolina. (Logging residues are 
based on A4.A tons per acre only on sites not cleared.) 


County 

Total 

Area Logged 
Cleared 

(M acres) 

Not Cleared 

Logging Residues 
(M green tons) 

Anderson 

6.7 

— 

6.7 

299 

Cherokee 

6.3 

— 

6.3 

279 

Greenville 

7.0 

1.2 

5.8 

258 

Oconee 

11.7 

1.5 

10.2 

A51 

Pickens 

5.6 

0.2 

5. A 

239 

Spartanburg 

12.8 

2.3 

10.5 

A68 

Study Area 

50.1 

5.2 

AA.9 

1,99A 


Current annual forest growth rates for the six count> area were 
derived from estimates of site quality for each cover type and the 
known growth rates for commercial species in the cover types as 
related to site quality. The predicted growth rates in this study 
were based on expected ' volume yields of normally stocked stands at 
age 50 years (Anon., 1976). These grov/th rates, which are termed 
mean annual increment, are in merchantable volume units, i.e,, cubic 
feet per acre per year of main stem for trees A inches dbh (3.6-A.5” 
dbh) and larger. Estimates of annual volume growth were converted to 
green weight of wood and bark using cover type-specific conversion 
values derived from species conversion values provided by Dr. M. A. 
Taras, Wood Scientist, Clemson University. Estimates of merchantable 
annual growth for each cover type are available (Nix et al. , 1981). 
Total merchantable annual growth is A. 395 million green tons of wood 
and bark. In estimating growth potential of the cover types, 
harvested and damaged areas were treated as Al-61% pine and 100% 
pine, respectively. The distribution of annual growth among the six 
counties is available (Nix et al. , 1981). Although these estimates 
of growth are based on the predicted growth of loblolly or shortleaf 
pine at age 50, they should serve as reasonable estimates of 
productivity of the cover types examined in this study, particularly 
since cover-type specific site index and volume/weight factors were 
used. 


The estimates of grov/th for merchantable material (conventional 
products) were converted to total biomass growth for use in fuel 
availability assessment. Previously in this study, the proportion of 
the total biomass per acre (average for the study area) that is in 
each utilization component was estimated (Table 2). For example, the 
merchantable proportion of total biomass was estimated as being 
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54.5 percent based on an analysis of all ground sample data. These 
proportions were applied to the merchantable growth estimates and the 
total annual biomass growth and each of its component parts were 
estimated for the study area (Table 6). 


Table 6. Total annual forest biomass growth for Appalachian South 
Carolina, according to cover type and raajor utilization 
category . 


Cover Type 

All Merch. 
(% of Total) 

Non-Merch. 

> 3.5" dbh 
(% of Total) 

Growth 

Total Biomass 
(M G. Tons) 

Pine 

61.7 

22.2 

1,876.8 

Hardwood 

53.9 

26.2 

4,031.9 

Mixed 

51.5 

26.7 

1,730.7 

Harvested 

51.7 

26.0 

314.3 

Damaged 

61.7 

22.2 

15.9 

Total 

54.5 

25.9 

8,063.8 


^Merchantable material includes pine and hardwood pulpwood and saw 
timber. Non-merchantable material less than 3.6" dbh is part of 
total biomass growth but is not considered as available in this 
study because of harvesting constraints. 


The annual growth estimates in Table 6 indicate that over 
8 million green tons of forest biomass are grown each year in the six 
county study area. Assuming that the proportions of the various 
components of total biomass given previously are valid for the growth 
estimates, then estimaces of the annual growth of the different 
components that are of particular interest as fuel potential can be 
calculated. Annual growth of non-merchantable material greater than 
3.5" dbh is 25.9% of the total growth or 2.088 million tons of wood 
and bark. Annual growth of the hardwood pulpwood component which is 
currently the lowest valued merchantable product is 18.3% of the 
total or 1.476 million green tons of wood and bark. The 
unmerchantable growth greater than 3.5" dbh and the hardwood pulpwood 
taken together annually provide 3.564 million tons of potential wood 
suitable for fuel. 


SUMMARY AND CONCLUSIONS 

In order to stimulate the consideration of an abundant renewable 
resource for use as an energy source in South Carolina, a survey was 
conducted in six upstate counties to find the amount of realistically 
available forest biomass that might be utilized commercially for 
fuel. This survey provides information necessary to both non-forest 
and forest-based industries that are considering the use of forest 
biomass as their major or supplemental source of energy. Forest 
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biomass information has been compiled in this study utilizing 
multi-phase inventory methods which include ground samples, low 
altitude color infrared aerial photographs , and computer-based data 
assimilation. 

The total amount of aboveground forest biomass in six county 
study area is 115 million green tons of which 51 million tons are 
economically suited for use as fuel wood. On the average, 87Z of 
this biomass is readily accessible. The annual growth of forest 
biomass is estimated to be 8 million green tons of which 3.6 million 
tons are economically suited for fuel use. The average yield of 
biomass was estimated to be 88.8 green tons per acre a.id ranged from 
57 tons per acre for the damaged forest type to 95 tons per acre for 
the hardwood cover type. The hardv/ood cover type is also the most 
prevalent in the study area, thus, over half (51%) of the available 
biomass in the six counties and an appreciable proportion (20-30%) of 
the biomass economically suitable for fuel is hardwood. 

The study indicates that there is a considerable amount of 
forest biomass available for fuel in Appalachian South Carolina 
(50-100 MM tons). In addition, this biomass is growing at a rapid 
rate (8 MM tons/year) and could supply a significant fuel wood demand 
(3-5 MM tons/year) in the six county area on a sustained basis for a 
meaningful period. In a companion study of the six county area, 
Harris (1982) estimated that the total demand for fuel wood by 
industries in the study area with a high potential for converting to 
wood fuel would not exceed 1 million green tons per year. It is of 
interest to note that even one small pulp mill can consume in excess 
of a million green tons of wood annually. Based on these 
considerations, there is every reason to encourage local industries 
with favorable economic feasibility to make use of this abundant 
renewable energy resource in Appalachian South Carolina. 
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1. INTRODUCTION 

Peatlands constitute a viable energy source. Europeans have burned 
peat for heating ana cooking for centuries. More recently, electric and 
district heating plants powered by peat have been built in Ireland, 
Finland, and the Soviet Union. Estimates indicate that Ireland produces 
about 20 percent of its energy needs by burning peat (Minneapolis Tribune, 
1982). 

The experience In the United States has not been comparable, indi- 
viduals have burned peat for heating, but larger-scale development of 
the resource has not occurred. In fact. It required the energy crises 
of the 1970s to awaken most Americans to the potential role of alter- 
native energy sources such as peat. 

Our paper examines the complexities of poatland management in Min- 
nesota and the use of a geographic information system, the Minnesota Land 
Management Information System (MLMIS) in the management process. Wo 
begin our discussion with a brief description of what peat is, where it 
is found, and the distribution and amount of Minnesota's peat resource. 


2. 1/HAT IS PEAT? 

Peat is organic matter, in varying stages of decomposition, that 
accumulates under more-or- less saturated conditions. It Is generally 
composed of the remains of reeds, sedges, grasses, mosses, and wood. 
The climate, topography, and drainage of an area determine the degree 
of decanposition of the accumulating organic matter. 
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Figure I. DlstrSbutlcn of Peotlunds In Minnesota 





In Minnesota, pootiands cover about 6 to 7 million acres, or 
approximately 16 percent, of the land surface. The last glaciation 
modified the landscape and created many poorly drained areas that wore 
Ideal locations for poatland formation (fig. 1). Large, contiguous 
pcatlands formed In the northcontral part of the state on the plains 
of several glacial lakes. Small, scattered poatiunds formed In morainic 
areas and on outwash plains that occur throughout the state, except 
for the extreme southwest and southeast corners. 


3. Pfc'ATLAND MANAGEMENT 
3.1 Minnesota Peat Program 

The Minnesota Peat Program of the Minnesota Departnienf of Natural 
Kesourcos (MUNN) Is directly responsible for the managofiiont of all 
state-owned or stuto-admlnl stored pootiands. Those pootiands comprise 
an estimated 50 percent ot the state’s resource. 

The Peat Program began in 1975, primarily In response to a lease 
request by a Minnesota utility, ‘linnegasco (Minnesota Gas Company). 

The codipony requested a 25-year lease for 200,000 acres of poatland, 
most of which Is state-owned, to produce substitute natural gas from 
peat, [iocause little was known abouf the state's peat resource, a 
moratorium on poatland leasing was Imposed to 3l lev/ time to examine 
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questions related to large- and small-scale development. Work began 
on a peat Inventory, baseline environmental studios, and studios of 
development options and their potential environmental and socio- 
economic impacts. The Peat Program was charged with the develop- 
ment and Iniplementatlon of a peatland management policy. 


3.2 Management Policy 


Poatlands constitute a multifaceted resource. Although mining 
peat tor energy is a current, primary Interest, poatlands can also 
bo mined for horticultural or Industrial chemical use. Used In situ, 
peatlands con bo managed for bloonorgy crops, agriculture, forestry, 
wildlife, recreation, or sewage treatment. Several Minnesota poatlands 
ore also being considered for preservation because of unique landforms 
and rare plant and animal species. 


The current MONR peatland management policy is to 
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- nianoee for multiple use, 

- Idonth'y poatlands for protection, 

- control environmental and socioeconomic Impacts, and 

- direct development. 

The MUNK also rocodimonds that leases should not exceed 3,000 acres In 
size. This recommendation Is based on several factors; It Is felt that 
development Impacts may bo successfully mitigated on lease tracts of 
this sire, turopoan experience suggests that 3,000 acres can support a 
viable energy production Industry, and large-scale development has not 
been proven environmentally, economically, or tochrtological ly. In tact, 
this summer, MInnogasco rol cased the results of their feasibility studies 
for large-scale production of substitute natural gas froni peat. Their 
conclusion was thof It Is not economically feasible at this time. 


3.3 Management Process 

Peatland management requires matching potential uses with the 
resource character I st ics. This process Involves the Identification 
of potential uses, the resource requiruments for the uses, availability 
of the resource, possible constraints and limits to dovolopmont, and 
reclamation options. 

The Peat Program staff designed a four-phiise process to match the 
peat r'.'*^ourco with the rinju I rcMnent s of specific uses; 

I. Keg Iona I analysis 

II. County- level analysis 

III. On-sIte Inventory 

IV. In-house env I ronmental screening. 
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The process progresses from generalized resource data at phase I to 
detailed Information at phase IV, 

The Peat Program staff decided to use a geographic Information 
system for several aspects of the management process. The decision 
was based on two primary factors; (1) the availability of an already 
existing data base with a large number of data variables nnd 
(2) the analysis and graphic capabilities of the systeni. 

4. WLMIS; A GEWRAPHIC INFORMATION SYSTEM 

MLMIS was developed at the University of Minnesota In 1968 with the 
limited purpose of developing on Inventory of the state's lakeshore resour- 
ces. In 1969, the inventory program was expanded to include land use pat- 
terns of the state. This data Item served as the geographic reference for 
the system, a statewide 40-acre grid file. Between 1969 and 1977, the data 
base was expanded, computer software was developed, and case study projects 
wore completed. In 1977, MLMIS was transferred from the university to the 
state government to function as a service bureau. At this time, the data 
base and cofiiputer p^ogra^l5 were fui ly operational for natural resource 
planning. MLMIS had now bocano part of the Land Management Information 
Canter (LMIC) in the Minnesota Department of Energy, Planning, and 
Development (MDEPD). 

The service bureau acts as a clearinghouse between data sources and 
data users. Data are provided and maintained bv various agencies at 
state, federal, and local levels, and efforts are made to coordinoto their 
collection procedures. Currently, there are hundreds of data variables 
in the system many of which are based on a 40-acre statewide grid coll. 
There are approximately 1.35 million cells In a single statewide data 
variable. The following are the more Important data variables: 

- Watersheds for Mlnnosofa have been delineated from topographic 
maps and Include eleven major drainage basins, Oi major watersheds, 
and 5700 minor watersheds. 

- Land use and land cover have boon Interpreted from high altitude 
aerial photographs Into nine categories. 

- Forest cover has been determined for the state providing an In- 
ventory of forest community typos, 

- Land ownership by government agoncios has also been recorded for 
the entire state. 

- General soils and goomorphic data have boon collected for the state, 
which allows for nearly 25 capability interpretations of the soil 
data including productivity ratings, engineering limitations, and 
physical properties. 

Although the statewide data base, which has developed over the past fif- 
teen years, consists primarily of natural resource data such as soils and 
forest cover, it also contains selected data on demograpnics, physical dev- 
elopment, and administrative boundaries. 
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In addition to the 40-acro grid cell data baso there are numerous data 
bases of more generalized data and very detailed data. For example, de- 
tailed data bases, consisting of 2.5 acre grid colls, exist for many of the 
townships surrounding the cities of Minneapolis and St. Paul. A detailed 
data base consisting of 50 meters x 50 meters grid cells exists for the 
Minnesota Valley National Wildlife Refuge and Recreation Area. Also, there 
Is a new generation of data currently being developed. One example of these 
data Is the digital terrain Information obtained from U.S. Geological 
Survey maps. These maps were digitized by the U.S. Defense Mapping Agency 
for use with the cruise missies and are now available in digital format for 
most of the country. This Information has been stored for Minnesota in 
grid cells of 100 maters x 100 meters as elevation data and can be Inter- 
preted to obtain slope and aspect. LANDSAT data are also being collected 
for the state to enhance the existing 40-acre land use and land cover data. 
These new data will be stored as 100 motors x 100 motors grid cells. 

LMIC not only provides data to users, but also provides a compre- 
hensive set of computer programs, computer hardware, and trained staff to 
meet users* ne'?ds. These include the following: 

- Analysis packages for polygon and grid modeling, data base 
managers, statistical packages, and a bibliographic retrieval 
system. 

- Graphics facilities Include polygon and grid display programs, 
text display, and business graphics. These products are gener- 
ated on either hardcopy printers or video displays, in color or 
black and white. 

- Computer programming staff that continue to maintain and 
augment the system and also provide systems design advice to 
users. 



Over the past fifteen years MLMIS, as a part of the University of Minn- 
esota and now as a part of LMIC, has served many users in a variety of ca- 
pacities. Users have included federal, state, and local government agen- 
cies as well as private organizations. Many projects have dealt with 
environmental assessments for surface water, groundwater, soil erosion, 
and unique scientific resources on a statewide or local level. Other 
studies have included the Identification of potential sites for the 
development of power plants, transmission lines, highway corridors, and 
waste disposal . 


5. MLMIS AS A MANAGEMENT TOOL 
5.1 Regional Analysis Model 

The suitability model developed by LMIC and MONR staff was designed to 
fully utilize the capabilities of the MLMIS. Most of the data used in the 
model already existed in the MLMIS data baso, and most of the programs used 
to analyze the data existed as part of the Environmental Planning Pro- 
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Figure 2. Regional Analysis Model 
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PEATLAND SUITABILITY: 
REGIONAL ANALYSIS MODEL 



grawwlng Language (EPPL). EPPL Is MLMIS’s grid cell analysis package. 

The objective of the niodel is to provide nianagonient support for the Peat 
Program staff by determining what peatlanos might be available for possible 
leasing as alTornato energy sources. This model Is part of a four-phase 
process designed by the Peat Program staff and is Intended to be a regional 
analysis only. All analysis was perfornied using a 40-acre data cell. 
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The study area defined by the Peat Program staff as part of Phase I 
of their program Includes eight counties In northern Minnesota: Beltrami, 
Cass, Carlton, Itasca, Koochiching, Lake, Lake of the Woods, and St. Louis. 
This area contains the vast majority of peat In Minnesota and Is of primary 
Interest to both the public and private sector. It Is also the area In 
which there have been lease requests. 

The davelopment of the Regional Analysis Model (fig. 2) began by de- 
termining what data would bo necessary to Identify peatlands with develop- 
ment potential: 

- Soil Atlas Soils. The Soil Atlas series was designed to provide 
general soils Information for planning purposes. This Is the 
only soils Information available with statewide coverage. Peat 
Program staff use the series to Identify the distribution and 
areal extent of the state's peatlands. 

- 1969 Land Use / Land Cover. Land Use / Land Cover provides state- 
wide coverage of nine classes of uses or cover. These data pro- 
vide the necessary v»ater resource Information. 

- Highway Orientation. This data variable Identifies, statewide, 
those 40-acre parcels adjacent to or containing roads and Inter- 
sections. 

- County Civil Divisions (CCDS). CCDS Identifies all Incorporated 
municipalities, townships, or unorganized territories In the 
state. 

- 1978 Public Land Ownership. This variable describes ownership 
for land under federal, state, or county jurisdiction in the 
state. 

- Peat Preservation Areas. This data variable was specially 
created for this study from maps prepared by Peat Prograni staff. 
Three classes of protection were used to Indent I fy areas 
containing unique landforms and rare plant and animal species. 

The remaining stops used In developing the Regional Analysis Model 
used EPPL to analyze the selected data. These stops were as follows: 

- By using soils, land cover, and land use data, peatlands and 
40-acre parcels dominantly covered by water were Identified. 

Those peatlands were then examined to determine these covering 
at least 1000 contiguous acres. 

- Using CCDS, the locations of six cities wore Identified In the 
study area: BemldJI, Duluth, Grand Rapids, Hibbing, Internationa! 
Falls, and Virginia. A circle one mile in diameter, placed at the 
centroid of each city, represent the cities' incorporated areas. 

- Next, using Highway Orientation and the revised city locations, 
a distance analysis was performed. Starting at the edge of a 
city, a search was done to Identify 40-acro parcels which 
were oriented toward or containing a paved or unpaved road and 
were within 50 miles or 10 miles, respectively, of the city. 
Distance was measured along a road using eight points of the 
compass: N, ME, E, SE, S, SW, W, and RW. A one mile proximity 
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Figure 3, Peat lands With Development Potential 
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zone was then placed around pavod and unpaved roads meeting the 
distance criteria, 

- Using Public Land Ownership, a determination was made by the 
Peat Program staff as to what pubi leal ly owned lands should 

be considered as available for possible leasing. Private lands 
wore considered as a soperato class, 

- Finally, through a series cf composites, the new data created in 
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the prev/ous steps were combined with peat preservation Infor- 
mation to yield a final suitability data variable. 

The Regional Analysis Model Identified those peat lands with develop- 
ment potential as an energy resource. They cover 1000 contiguous acres 
or more, are within 51 miles (as measured along paved roads) or 11 miles 
(as measured along unpavod roads) of one of six selected cities, are con- 
sidered state available, and are not within a preservation area. In addi- 
tion to tho criteria described above, any portion of a poatland that was 
considered to have development potential, but extended beyond six miles 
of the proximity zone, was considered not available for development 
(fig. 3). Statistically, within the study area used by tho model, nearly 
950,000 acres were Identified as being potentially available for state 
leasing, 123,000 acres met all of the criteria but were on private land, 
and 2,500,000 acres of peat failed to meet the model’s criteria. 


6. CONCLUSION 

Peatlands In Minnesota constitute a viable energy resource that 
require careful nianagemont to ensure their proper development and protec- 
tion. As a tool for guiding the development of Minnesota's peatlands, 
tho MLMIS proved to bo very valuable through Phase I of the Peat Program. 
MLHIS will continue to be used by Peat Program staff as a management tool 
as Phases ll-IV are initiatou. In Phase II continuodi refinement of the 
Peat land Suitability Model will occur so that more detailed county- level 
analysis can be performed. Two refinements are tho entry of more detailed 
peat resource information and modifications to tho distance analysis portion 
of the model. While more detailed Information, required for phases III 
and IV, will bo obtained on-site, MLMIS capabilities will be further util- 
ized to help Peat Program staff monitor the testing and permit processing 
required before an Individual site can bo developed. 
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GEOGRAPHIC INFORMATION SYSTEMS FOR ASSESSING EXISTING AND 
POTENTIAL BIO-ENERGY RESOURCES: THEIR USE IN DETERIJIINING 

LAND USE AND MANAGEMENT OPTIONS WHICH MINIMIZE ECOLOGICAL 
AND LANDSCAPE IMPACTS IN RURAL AREAS 

A.E. Jackman, J.G. Fabos and C.C. Carlozzl 
Department of Landscape Architecture and Regional Planning 
and Department of Forestry, Fishery and Wildlife 
University of Massachusetts at Amherst 
Massachusetts 01003 , U.S.A. 


INTRODUCTION 

The Management Construct described forms part of an overall 
Landscape Ecological Planning Model which has as a principal 
objective the extension of the traditional descriptive land 
use mapping capabilities of geographic information systems 
into land management r«ealms. The management construct should 
be seen to be an abstract or theosophlcal procedure for ordering 
the many issues, parameters and variables which require con- 
sideration in rural planning today. Current rural planning 
issues which the construct seeks to assist in solving include 
the infilling of an accepted knowledge and communication gap 
between land use planning and land management realms (Held, 

1980) (Tlusty, 1979), whilst acknowledging the reconized com- 
plexity of interrelationships between the two (Healy and Short, 

1981) . The construct is therefore proposed as being of probable 
wide use for not only highlighting present rural planning con- 
cerns, but as a means of arranging the large informational and 
data Inputs required to comprehensively address all rural plan- 
ning issues in a holistic way (Toffler, I98O). The last point 
is made in awareness that geographic information systems appear 
to be moving to more comprehensive methods of data handling and 
storage, such as relational and hierarchical data management 
systems, and a clear need has simultaneously arisen therefore 
for planning assessment techniques and methodologies which can 
actually use such complex levels of data in a systematic, yet 
flexible and scenario dependent v/ay . The descriptive or map- 
ping method proposed herein therefore broaches such issues and 
utilizes a current New England bloenergy scenario, stimulated 

by the use of hardwoods for household heating purposes esta- 
blished in the post oil crisis era and the Increased awareness 
of the possible landscape and ecological ramifications of the 
continued increasing use of the resource. 
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1. EXPLICIT RESEARCH GOALS 

Despite the regionalized or New England nature ol’ the re- 
search the model as developed to date, has been formulated 
with a view to meeting several other more universal yet 
explicit goals. Briefly, these goals are: 

1.1. Goal One 

To display and re-emphasize the importance of bloenergy as a 
renewable resource of importance to man's survival at global, 
national, regional, right dov/n to local scales. For biomass 
remains the one, relatively cheap, universally available, re- 
source which is efficient in the capture of the dilute ener- 
gies of sunlight. Plant derived photosyntliates , expressed 
here as biomass and their fuel end use as bloenergy, represent 
in simple terms one of the few syntropic - or matter creating - 
processes available to common man (McHarg, 1981 ). Plant and 
plant processes therefore offer one of the fev; prospects of 
"with-holding" the increased degradational effects due to 
entropy with many portend is the future, given increasing popu- 
lation pressures, increasing use of finite fossil fuel reserves, 
and increasing global atmospheric pollution; particularly of 
carbon dioxide, upon xv’hlch plants rely for photosynthesis and 
thence for growth (Ayensu, et al., 1980) (Coates, 198 I). 

1.2. Goal Two 

To utilize an existing geographical information and data 
management system. In this case the HETLAND system as devel- 
oped since 1972 , with a view to extending present capabilities 
towards greater informational and Interpretational contents, 
as well as a greater flexibility of use which is concomitant 
with the prospects in larger data base mancigement systems 
(Fabos and Caswell, 1977; Fabos, Greene and Joyner, 1979). 

Yet, at the same time recognize and extend the value of earlier 
systems; particularly their educational capabilities addressed 
to all levels of users, whether student, business person, or 
lay user. 

1.3 Goal Thi’oe 

The subject of this paper; which seeks to explore the as yet 
untapped interpretative capabilities of comrputer assisted 
geographical Information systems in a way that penetrates into 
land management considerations, as itemized in the introduc- 
tion, particularly as actual land managememt practices could 
effect the "healtli" of the regional ecosyst.-em. 

The emphasis Is however primarily addressed to the devel- 
opment of the management construct atid its ordering of the to- 
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tal model and its subsequent validation to date on a case 
study area in the Upper Housatonic Basin, Western Massachu- 
setts. Of several scenarios tested, the one displayed here 
has been classified as the ”most-likely " of any, in respect to 
economic viability, as well as in respect to a conservationary 
desire to seek energy efficiencies in all land management oper- 
ations for the future. 

2.0 THE MANAGEMEMT CONSTRUCT 

The body of definition, belief, and fact, associated with land 
management is a paradigm or super model in Itself because 
management pervades most of man's considered actions. The 
context in which management is used here relates, however, to 
that tendency of man to seek order in his environment, some- 
times to simplify it in such a fashion that the parts of inter- 
est to him become more comorehendable; ard for some, more con- 
trollable. But also Implied within the construct which fol- 
lows is that deeper developing conscience of a need to further 
develop a land ethic which permeates the v;hole structure of 
management systems as they might effect the land. (Devall, 
1980; Leopold, 1966; McHarg, 1969). Any modelling construct 
for rural land management that sets out to be an ajuvant pro- 
cess - or aid - to a holistic, or multi-faceted planning ap- 
proach, must not onlj'^ have as a primary objective the prospect 
of formulating positive, rather chon exclusionary rural poli- 
cies, based off the natural resource base, but should also 
recognize the diverse range of management attitudes and aims 
which are the prerogative of each and every land user in real- 
world situations (Realty and Short, 1981). The im.plications 
of the preceding statement are as complex as they are profound 
for clearly, the shades of difference in the use and personal 
objectives within the term "management" are extremely diversi- 
fied, and clearly the land commands different levels of respect 
by different users. Yet, within this diversity a pattern 
emerges which is seen to be somewhat hierarchical in the ques- 
tions and at the levels of detaj 1 that each person might ask 
him or herself in determining the economic/ecological/ethical 
rightness and viability of possible management options in the 
use of the land. 

The levels, herein termed orders, have therefore been 
set forth within a dcscendent pattern within the management 
construct. In the model economic - or dollar related - value 
systems come first, leading to the second which considers real- 
world constraints to and conflicts on maximizing both existing 
and potential resource supplies, and thence to the third which 
covisiders energy-efficiency criteria which impress the ethical 
need to be conservationary in all management operations on the 
land. The fourth and final order’ to date developed, expresses 
an ecological value system vvitliin the construct and is related 
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to the need to determine the possible ecological Impact of 
any proposed management action on the land; at a time v/hen 
decisions on economic viability are being made, rather than 
after the event, as so often has been proved to be the case in 
the past. Clearly, the descendent nature and ordering of tne 
construct could be reversed dependent on the value systems of 
tlie user. The value of the construct, however, proves to be 
that both economic decision making and the possible ecological 
ramifacatlons of those decisions are placed in concert, and 
each Imbues the other with the wisdoms and values of its sys- 
tem. A further value of the approach to method therefore be- 
comes established in that it serves to communicate and educate 
in the rationales of different value systems and a demonstra- 
tion program has been prepared on that basis, primarily for 
student use. 
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Figure 1. therefore displays the Management Construct: 

Note that, the Orders of Management follow those just de- 
scribed but, are extended to include a fifth to display pene- 
ti-ation into detailed management considerations and the need 
to ascertain the actual processes of management on the land if 
likely ecological impacts are to be determined in parallel with 
economic viability considerations. A further value of the con- 
struct could therefore be that it offers the opportunity of 
being intergrafted with actual land management practices and 
data storage systems already in use by land managers; which in 
the example pursued here, implies forestry managers, using 
such inventory storage systems as ORIS (Comarc Resource Inven- 
tory System), 1978. It should also be recognized that this 
particular diagram of the Management Construct forms part of 
later, more developed diagrammatic models of figures 3, ^ and 
5. 

3. RELATING THE MANAGEMENT CONSTRUCT TO LANDSCAPE ECOLOGICAL 
PLANNING PRINCIPLES 

Ecological interactions in the landscape are clearly related 
to the "transactions" described as occurring between ecosystem 
compartments by Odum, E.P. (1969); and have been defined as 
exchanges of matter, energy and/or organisms - or lack thereof - 
that are conditions for maintaining the biological information, 
and therefore the "health" of a single compartment in relation 
to others, as well as to the total ecosystem (Picket, 1976). 
Hendrix, 1977, has demonstrated that by utilizing the compart- 
ment system attributable to Odum that land uses can be classi- 
fied and mapped according to whether they are Protective, Pro- 
ductive, Compromised, in respect to or Non-vital to, ecosystem 
"health". Odum's classification has in fact been broadened by 
Hendrix, to Include a fifth compartment in recognition that 
there is a distinction between the grovjth characteristics of 
agricultural production compartments and the growth and accum- 
ulated biomass of forestry production compartments, particular- 
ly as applied to studies in rural areas. Figure . illustrates 
the five compartmental system according to Hendrix, and as de- 
rived from interpretations of available knowledge on the gross 
primary production/respiration (P/R) conveyed on the diagram. 

The graphic symbols beside each compartmental box denote matur- 
ity and degree of closure which are exhibited by land uses 
which can be ascribed to each compartment. For example, mature 
forestry is represented vjithln the Protective compartment by a 
black rectangle indicative of a relatively closed system with 
a P/R ratio of 1. In contrast, the white rectangle, represen- 
tative of Non-vital land uses such as densely developed urban 
and industrial environments have P/R ratios frequently much 
less than 1, and are therefore considered open systems, of 
high entropy, and therefore "non-vital" to ecosystem "health". 
The arrows linking the compartments are the "transactions" 
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DY OOK, tiP. 1969^ SUa'^EOUENTl.Y USED BY 
RojDR1x19/7 to CLASSIFY mXD USES. He/OTIX, 

IN FACT, ATOED A FIFTH CCf,?ARTTtNT WHICH ACKfOH- 
LEDGES the DIFFERENCE EETv.'EEN GROSS PR I WRY 
PRODUCTION (P) TO RESPIRATION (r) RATIOS ^^'IDe^T 
IN AGRICULTURAL GROWTH, COTPAnT>£NTS OF PRODUC- 
TION AND YOUNGER FORESTRY STANDS. LARGE A.RRCV/S 
REPRESENT INPUTS A.*ID OUTPUTS EXOGENOUS To TPE 
ECOSYSTEM; SMALLER AKRO.VS LINKItC COPPART'IENTS 
REPRESENT THE TRANSACTION FUTCTIONS BETWEEN 
COf-PARTFENTS AS TRANSPCRiC) BY ABIOTIC, BSOTIC 
AND ANTHROPIC AGEI4CIES. ThE GRAPHIC SYFEOLS 
ARE EXPUINED IN THE TEXT Of THIS PAPER. 


334 





ORIGINAL PAGE IS 
OF POOR QUALITY 


known to occur, but still recognised as very difficult to 
measure, between compartments. The questions in respect zo 
ecosystem "health" therefore become; how much of each compart- 
mental type of land use, and in what patterns of arrangement, 
should we be striving for to ensure that the "health" of the 
ecosystem, independent of scale of consideration, is main- 
tained-or even improved? It is on these two considerations 
that the ecological impact evaluation method, still in the 
process of development is based, and it is considei'ed to have 
a universal applicability; despite some necessary assumptions, 
be it for bioenergy scenarios for the use of the land as the 
natural resource base, or not, (Fabos, Jackman, and Oskl, 1982) 
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'I. THE FORMAT FOR THE GENERAL MODEL 

Clearly, the overall model Is structured In such a way that 
landscape ecological planning principles have played a dominant 
role in its formulation. Just as clearly, and drawn from the 
stated goals of this study, the values of an existent geogra- 
phic information system, namely, METLAND (Metropolitan Land- 
scape Planning tiodel), have been initially used for assembling 
the large and scenario dependent data I’equirements needed to 
support all the considerations which emanate from the rural 
research goals and principles stated; as well as from the 
management construct. 

I|.l Abiotic Parameters as the Horizontal Component of Resource 
Supply Matrices: The format of the model therefore places the 

abiotic parameters of the physical environment in the pre- 
eminent position within a matrix. The abiotic parameters - or 
physical attributes of site - are seen to be more fixed in time 
than uses of them (after Overton, 1977), and therefore form 
the horizontal component of an Existing Supply Matrix as well 
as a Potential Supply Matrix. The use of the natural land re- 
source base therefore acts as the prime de terminator of any of 
man's uses of, and management actions on the land, and also 
enforces a conservationary consideration for their value in 
terms of maximizing the energy efficiencies of different manage 
ment actions. Figure 3. demonstrates the format of the General 
Model and displays a limited selection of abiotic parameters, 
namely soils, slope, aspect, and water at phreatic (ground) 
levels. Clearly, this list could be extended to include geolog 
ical and climatological information, but in this case the dia- 
gram is framed to meeting the interpretative and individual 
requirements of different plant species for maximizing natural 
growth; without the need for highly subsidized inputs of exo- 
genously derived fertilizers, tilling and harvesting operations 
and irrigation needs. The data information Inputs required are 
therefore scenario dependent because they rely on the plant 
group, or specie, under consideration for bloenergy use. The 
Interpretative skills required to do this clearly rest with 
the individual's ability to do so; but most information can be 
gleaned from Soil Conservation Service Teclinical Data Sheets, 
particularly those for soil types. The interpreted information 
according to specific plant requiremcrts is then encoded in 
typical aggregation or data flies which attributes each cell 
of the data base a number as to whether it meets the given 
criterion or not. 

tf.2 Biotic and Anthropic Variables as the Vertical Component 
of Resource Supply Matrices Figure 3- also demonstrates the 
form of the vertical components of the resultant matrix. Note 
that in the diagram only one matrix is shown, but in fact it 
is better to regard it as serving a dual graphic purpose; 
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implying that it should be regarded as the format for both 
the Existing and Potential Resource Supply Matrices, which are 
best seen to be tv;o separate elements sitting side by side as 
shown in Figure The vertical components of the matrices 
are also common as shown in the General Model displayed In 
Figure 3. The first component in the descendent series are 
Biotic and Anthropic Variables, seen to be "variable" and 
inclusive of vegetation and wildlife habitats because they are 
less fixed in the temporal sense than are the abiotic para- 
meters (Overton, 1977). Existing land uses and land cover 
attributes ascrlbable to anthropic sources (man and his ac- 
tions) are likewise scenario dependent and the aggregation 
files therefore required for each individual bloenergy scenario 
tested needs to be interpreted for its own specific require- 
ments. Although the diagram hints at onesuch formulation it 
must be restated that it is general; with a more specific 
example to follow which tests the validity of the model for 
assessing the likelihood of viable economic operations at 
various scales for fuel-end uses of hardwoods of the oak group. 

^.3 Conflicts and Constraints: The vertical components, there- 
fore, serve to display In a descriptive or mapping sense where 
the Conflicts and Constraints (C/C’s - after O'Banion 1980) 
of real-world situations are likely to occur, both of which 
serve to reduce the likelihood of maximization of both existing 
and potential resource uses. In turn failure to maximize re- 
sources is related to whether any given scenario is economically 
viable or not. A particular value of the model having proved 
to be (although not shown here), that two distinct types of 
possible conflict (C/*) betv;een land uses can be displayed in 
map outputs when derived by overlaying certain combinations of 
aggregation files drawn from both, or either, of the horizontal 
and vertical components of the matrices. Particularly is con- 
flict display afforded for comparisons of existing land uses 
with potential uses such as more avante-garde bloenergy scenarios 
like the growing of aspen poplars for alcohol fuel-end uses. 
Although not pursued as the example of the model in use herein, 
a first type or level of possible conflict is clearly establish- 
ed betv.'een uses of the land for more traditional crops, such as 
corn. A second level of conflict can also '.be established in 
the end use of corn as a crop for fuel-end luses, rather' than 
stock feed-to-f ood-end uses. As also displ;ayed in Figure 3, 
potential land ownership conflicts are also^ mappable. Note 
that the considerations of land use, land ccover and land ownei'- 
ship are considered to be Second Order Manag;cment conflicts 
(C/*) according to the Management Construct described before 
and shown in Figure 1. Third Order of Manag;cment considerations 
then fellow and as stated they are regarded as constraints 
(•/C) to maximizing the energy efficiencies. <of actual manage- 
ment opei-ations. In a general sense the cri-toria considered 
to date are those which are important in the.- study area and in- 
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volve such specifically rural Issues as parcellation . In- 
creased fragmentation of land ovmershlp, particularly effects 
the energy and therefore economic efficiency of machinery and 
plant likely to be used by large and medium-scales of business 
operation. Contiguous or interconnected parcels of similar 
ownership class are able to be used with greater efficiency 
than fractured - or dispersed - parcels . The land ownership com- 
ponent of the data base has been used to prepare aggregation 
files which meet this criterion of impressing a conservation- 
ary desire for Increased energy efficiency in management opera- 
tions (Healty and Short, 1981). 

Other available criteria which serve to enforce a conser- 
vatory rationale for Increased energy el’flciency in management 
operations include, the more traditional factors of proximity 
to existing reading infrastructui-es , and accessibility to har- 
vesting sites, which in the case of prospective use of hard- 
woods is governed by slope. Tlie model could be extended, 
therefor'e, to include other marketing forces such as proximity 
to local and out-of-region processing centers. 

Fourth Order Management options then follow and relate, 
as stated, to actual land management practices sucli as how the 
season of extraction could effect the ecological "health" of 
the local and regional ecosystem. A predictive mode?, with de- 
scriptive capabilities in map form being the basis of the con- 
cept in which tlie user of the program elects an area by windo- 
wing techniques; lot us say. In this case for summer harvesting 
by clear-cutting, and Is provided with a value attributed to 
the existing "health" of the system. The "impact" of his or 
lier selection is gaged by the difference attributed to tlie 
change in "health" values established by Ills actions. Tlie pre- 
dictive model is the subject of on-going research. 

Predictive Model for Determining Ecosystem "Health" and 
Impacts of Management Actions: Briefly, the ecological value 
system currently Is being derived from hov; distant a certain 
land use is away from maturity - or closure - of a P/R ratio of 
1. See Figure 2. The "Impact" being determined by the attri- 
buted change in P/H ratio from the assessed existing value to 
that as a result of the proposed rnanageiiont action. The plan- 
ning value of the ecological "healtii" concept clearly relates 
to the goals stated at the beginning of this paper, which In- 
cluded a consideration of economic forces played in concert 
witli ecological values. The Demonstration Program to date pre- 
pared has its empiiasts in communication and education in both 
sets of value systems, hopefully not only useful to business 
persons, elected officials, and students, but because of its 
interactive user-friendly nature also of wider popular use. 
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5. BIOMASS ESTIMATES: 

Figure . therefore represents the schematic format of the 
overall general model. Note that an adjunct procedure for bio- 
mass estimates, also derived from Hendrix, 1977j is available 
as a map out-put routine from the Existing Supply Matrix, 
throughout the Management Orders. This estimation technique 
has been developed from the land use component of the data 
base and is derived from considerations of age, canopy cover 
and height of vegetation which is then related to what is pre- 
sently knov/n of biomass and yield characteristics of each land 
use class of the Massachusetts "MAPDOWN" classification system, 
attributable to MacConnell, (1960-present). Biomass estimate:! 
are presently calculated in Joules/meter^ (^l86 Joules/kilo- 
calorie) but could be extended to cover more traditional fores- 
try units of measure. The method requires further refinement 
but is proposed as being of particular use to planners at an 
Intermediate level between remote . sensing estimation procedures 
and ground truthed procedures. For further details see Aston, 
Pabos , and MacDougall, 1982. 

6. CO-OCCURRENCES: 

As descriptive map out-puts of the overall model most of the 
generally-accepted range of mapping requirements gcneratable 
by geographic information systems are available; namely, search, 
overlay and aggregation procedures coupled into one and called 
"AGGOVER", (METLAND, 1977). Co-occurrences of selected abiotic 
parameters as well as all anthropically and biotlcally derived 
variables ai*e therefore mappable; as are comparisons of where 
existing supplies meet, or do not meet, potential site suita- 
bi 11 ties . 
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7. A SELECTED SCENARIO: 

Figure 5. Illustrates the network diagram for the Demonstra- 
tion Program of a scenario which considers the economic viability 
of existing supplies of oak, in more-pure stands, as deter- 
mined by a choice of scale of operation governed by the user. 
This implies a dollar /areal relationship inserted as options 
in introductory questions; a choice betv/een large, medium and 
small scales of business operation as related to the $/areas 
(hectares) requirements of cne individual user being called 
for within the First Order of Management Options-or Questions. 
Tree group or specie choice are also First Order Options be- 
cause of their government of the aggregation files used in later 
questions as the user descends the management orders of the 
hierarchy previously outlined. The principal value of the 
Management Construct, therefore, is that it serves to ultimat- 
ely penetrate to levels of actual land practices v;hich in them- 
selves are principal governors of likely ecological "impacts". 
The construct also serves to arrange the information in a 
rational - perhaps , relati onal - way designed to suit the stated 
educational and communicational goals of the Demonstration Pro- 
gram. 

7.1 Classification of Scenarios as to Likelihood: Figures 6, 

7 and 8 are selected map out-put from the program, and are 
drawn from the scenario for existing oak in more-pure stands, 
which has been classified subsequent to map results as the 
"most-likely" of all bioenergy scenarios tested to date. Note 
on Figure 5 where the figures 6, 7 and 8 are drawn from. Other 
scenarios V'/hich have been considered include the prospects and 
Impacts of "total-tree-removal" which involves the removal of 
all the tree Including roots from non-rocky sites and probably 
therefore a summer season operation; with high potential impacts 
on soil horizon development and the movement of soil fines 
associated with water as the abiotic agency. A scenario which 
tests the likelihood of cattails ( Typha spp . ) as a bioenergy 
crop on wetter to persistently wet lands has been classified 
along with the scenario for total-tree-removal as being of the 
"least-likelihood" for the study area. Demonstration Programs 
for these two scenarios are to be run coiicurrently for such 
combinations display another capability of t’ne overall model. 
Other scenarios, classified as of "moderate-likelihood" for 
the study area. Include the use of abandoned agricultural lands 
with a view to displaying a further use of the model in mini- 
mizing land use conflicts (•/€). Poplars of the aspen group 
with either fuel or alcohol as the end-use is the tree poten- 
tial tested. This scenario has also been prepared in a con- 
current fashion with a scenario for corn with alcohol fuel as 
the end-use, since on pre-:iiapped resuits both are corisidci’cd of 
only "moderate-likelihood". Tiie value of the combination, how- 
ever, being that both scenarios could compete for similar land 
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resources in the future, and the display of ruch competing uses 
can assist in shaping policies dependent probably on the ulti- 
mate economic viability and energy efficiencies embodied in 
actual and comparative management operations. That is, resolu- 
tion of such conflicts is not pretended, since comparative 
solutions will probably best be accomplished in the future by 
consideration of not only economic and ecologic values but con- 
sideration also of more detailed analysis of the comparative 
embodied energies involved in the actual management practices 
(Odum, H.T. and Odum, E.C., 198I). 

8. CONCLUSION: The value of the overall model is therefore not 

only seen to lie in Its recognition of different value systems 
counterposed against each other, with a view to displaying that 
such do exist, but also in displaying the positive nature of 
developing I’ural planning policies off the natural resource 
base before the event of ecological impacts. Rather than for- 
mulate negative - or exclusionary and sectorial rural policies 
aimed at protecting the resource base in response to continued 
urban expansionary trends and styles; the results of which have 
described multifariously as "buckshot" urbanization, and as the 
"countryfled city", (American Land Forum Report, Number 1, 

1979) (Fuguitt, Voss and Doherty, 1979). 

The value of the management construct rests with the rea- 
sons for its formulation, for it has proved a valuable guide 
to ordering complex but interrelated rural planning to manage- 
ment Issues in a relatively simple manner which ensures their 
consideration, rather than their dismissal as being too complex 
for resolution. 

The value of the bioenergy scenarios used to validate the 
general model lies in the reinforcement of the need to consider 
biomass derived renewable energy sources as a global issue of 
immediate importance, particularly in countries and regions 
which are not blessed with an abundancy of fossil related ener- 
gy resources. That the general model requires individual in- 
terpretive skill dependent on the bioenergy scenario under 
test may appear to offer an unduely complexified approach to 
solving land use planning issues, but it is contended, that it 
is only when one does, tliat many current rural planning issues 
present themselves for resolution. 

The value of using computer assisted techniques there- 
fore becomes establislied from all preceding points, for manual 
teclmiques can not match the map out-puts and many permutations 
of tlie parameters and variables offered by the use of geographic 
information systems of tiie present, and prospectively more so 
in the future. 
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FIGURE 6; iW OUT-PUT SELEaSOH 1; FOR TC.: SCENARIO WHICH 
ASSESSES DOTri EXISTING AND POTENTIAL SUPPLIES 
OP OAKS AS A hARDOOO RESaSiCE A’O LfTILIZE? 

THE DATA BASE CO^T^^ENT3 AND AGGREGATION FJi^ 
INFORMATION DISCUSSED IN THE TEXT OF' THIS PAfER. 
IN THIS CASE EXISTING CAN IN MORE-PURE STANDS IS 
DISPLAYED AfO IS Drived RROM l«o use .maps aid 
GROUMI TRiJTHirW. !n THIS CASE ONLY THE EXISTII« 
SUPPLY MATRIX FAS BEEN USED AfJ3 USES THE SECOND 
ORDER OF MWiAGETENT VARIABLE Of A'TTF'POPICALLY 
DERIVED/L,\.’0 USE AS THE DATA BASE COMPOf.'ENT. 

The introducticn of the vari/^ele cf pl«ity of 
stands mas CONSERVATIO-ARY OVERTOfiES IN THE 
SENSE THAT GREATER ENERGY-EFFICIE’JCIES IN ACTUAL 
FlARVESTING OPERATIONS ARE RELATED TO IT; AL- 
TFOUGH THIS IS A "rr,0-EDGED SwURD IN RESPECT 
TO “AINTAIMtO 'HE GREATER SPECIES DIVERSITY 
ASSOCIATED WITH MIXED STA.'OS. 
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"A": coocc:jni?e)CE of existujg 

WITH HIGH POTEin-IAL SITE 


OAK IN MORE PURE STAJOS 
SUITABILITIES. 


"B": AREAS OF HIGH POTtNTIAL NOT PRESENTLY USED. 


figi/ie 8: Map out-put selection scenario for existing 
OAKS IN more-pure STAf.DS, COMPARED WITH SITES 
SUITABLE FOR OAKS AS GOVERNED EY IHE ABIOTIC 
PARA.'tTERS OF FA\0RAE)LE SOILS, SLOPES AND ASPEaS. 

Cooccurrence of existitas oak with potential site 

SUITABILPIES ARE DiSPLAYED.AS ARE AREAS WHICH 
ARE SUITABLE EW ARE CURREITTLY NOT USED FOR THE 
PURPO'F, In THIS CASE THE INFORMATION WITHIN 
THE A GREGATION files OF THE SECOND CODER OF 
MANAGB't'fT OF THE E< I STING SUPPLY MATRIX ARE 
O'VERLAYED WITH THE THREE ABIOTIC PARA'-CTERS 
GOVERNIir. THE FOTEMTIAL SUPPLY MATRIX. CLEARLY, 
MANY OTHER CaBINATICNS OF ElATA t-ILc INFORMA- 
TION ARE POSSIBLE, I.'CLUDING TK€ CONJOINT FVAP- 
PING WITH OTHER SCECitPIOS SO THAT EXISTING AND 
POTENTIAL LAfO USE CCIfLiaS CAN EE DISPLAYED. 
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FIGURE 9: fAP aiT-PUT SELECTION 4; SCENARIO FOR EXISTING 
OAKS IN MORE-PURE STANDS. IHIS MAP USES THE 
EXISTING supply matrix AND CONSIDERS TFE 

anthropic variables which serve to constrain 

(•/c) PIE LIKELIHOOD OF SUCCESSFUL OPERATIONS. 

The variables in this case are those f^finof.'ED 
in the text related to the third order IW4V.E- 
MENT considerations OF: PRIVATELY WiED LAND 
PARCELS OF OVER 5 HECTARES (12. 05 ACRES), OF 
AT LEAST rw CONTIGUOUS OR LINKED LOTS, WITHIN 

5 KiLcmERS (3.1 miles) or level 1 roads 

(interstate HIGlWAYs) AS THE PROXIMITY FACT(^^ 
UO OF rWCHINE ACCESSIBLE SLOPES BETWEEN 0-2i». 


348 


ORIGINAL PAGE fS 
OF POOR QUALITY 


9. REFERENCES 

Aston, T., Fabos, J., and MacDougall, E.B. 1982. Assessment 
Planning and Evaluation of Reneviable Energy Resources: An 
Interactive Computer Assisted Procedure. In these proceedings. 

Ayensu, E.S. et al., 1980. Firewood Crops: Shrub and Tree 

Species for Energy Production . Natural Academy of Sciences. 
Washington, D.C. 237 pp. 

Batie, S.S., ana Mealy, R.G. 1980 . The Future of American 
Agriculture As a Strategic Resource . The Conservation Founda- 
tion, Washington, D.C. 5l-75. 

Coates, G.J. Ed. 1981 . Resettling America . Energy, Ecology 
and Community. Brlckhouse Publishing Co. Andover, Massachusetts 

1 - 87 . 

CRIS ; Comarc Resource Inventory System. 1978. Comarc Design 
Systems 315 Bay Street, San Francisco, California 9^133- 

Devall, B. 1980. The Deep Ecology Movement . Natural Resources 
Journal. Vol. 20.300-322 pp . 

Fabos, J.G., and Caswell, S. 1977. Composite Landscape Assess- 
ment: Part II of the Metropolitan Landscape Model (METLAND) . 
Amherst, Massachusetts ,. Massachusetts Agricultural Experiment 
Station, The University of Massachusetts, College of Food and 
Natural Resources, Research Bulletin Number 637- 323 pp. 

Fabos, J.G., Greene, C.M., and Joyner, S.A. Jr. 1979. The MET- 
LAND Landscape Planning Process: Alternative Plan Formulation 
and Plan Evaluation; Part 3 of the Metropolitan Landscape Plan- 
ning Model. Amherst, Massachusetts; Massachusetts Agricultural 
Experiment Station, V/ater Resources Research Center, University 
of Massachusetts at Amherst, College of Food and Natural Re- 
sources. Research Bulletin Number 653. 229 PP. 

Fabos, J.G., and Hendrix, W. I 98 I. Regional Ecosystem Assess - 
ment: An AJ d for Ecologically Compatible Land Use Planning . 
Accepted for the Proceedings of the International Congress of 
Landscape Ecology, 2595 CL The Hague, The Netherlands, p. 17 . 

Fabos, J.G. Jackman, A.E., and Oski, J. 1982. In publication. 
Massachusetts Agricultural Experiment Station, Unlvei’slty of 
Massachusetts, Amherst, Massachusetts, 01003. 

Forman, R.T.T. 1981. Interaction Among Landscape Elements: A 
Core of Landscape Ecology, Regional Landscape Planning: Pro- 

ceedings of 3 Educational Sessions: Annual Meeting Amei’ican 
Society of Landscape Architects. November. ^^-53. 


349 


ORIGINAL PAGE IS 
OR POOR QUALITY 





i 


p: 




Fugultt, G.V. , Vos3 , P.R., and Doherty, J,C. 1979« Growth 
and Change in Rural America . Urban Land Institute. Washing- 
ton, D.C. p. 56. 

Hoaly, R.G., and Short, J.L. 1981. The Market for Rural Land: 
Trends, Issues, Policies. The Conservation Foundation. Washing- 
ton, D.C. , 207-245, 297-298, 208-212. 

Held, R.B. 1980. Bridging the Knowledge Gap from Landscape 
Architect to Natural Resource Managoi* . College of Forestry 
and Natural Resources, Colorado State University. Landscape 
Research. Winder 198O. Vol. 5, Number 3. p. 28. 

Hendrix, W.G. 1977. "Regional Ecosystem Assessment The Ecologi- 
cal Compatibility Com.ponent of the Metropolitan Landscape 
Model (METLAND)", Ph.D. Dissertation, Fore..try Dept., Univer- 
sity of Massachusetts; 210 pp . 

McHarg, Tan. L. 1981. Human Ecological Planning at Pennsylvania. 
Landscape Planning, 8. Elsevier Scientific Publishing Co., 
Amsterdam. 109-120. 

O'Banlon, K. 1980. Modeling Land U:u? ConfUcts for Energy 
Development . ES&T Feature. University of California, Liver- 
more, California 9^550 Vol. 14, No. 12. December. 1138-114 4 . 

Odum, E.P. 1969. The Strategy of Ecosystem Developmen t: Science, 
Vol. l64: 262-270. 

Odum, 11. T. and Odum, E.C. I98I. Energy System of Now Zealand 
and the Use of Embodied Energy for Evaluating Benefits of 
Intei’national Trade, Draft: Joint Centre for Environmental 
Sciences. University of Canterbury, Christchurch 1, New 
Zealand. 65 p. 

Overton, W.S. 1977. A Strategy ol~ Model Construction , In; Eco- 
system Modeling with Case Ilistorieo. Hall and Day eds. John 
Wiley & Sons. pp. 51-73. Chapt. 3. 

Picket^ S.T.A. 1976. "Succession: An Evolutionary Interpreta- 
tion." The Amei’lcan JJaturalist: Vol. 110. No. 971. Jan. -Feb. 

T lu s ty , W . ] 9 79 . The Role of thc^ Landi'-cape Arcliltect In Applied 
Forest Landscape Management . A case study in progress. In: 

Our National Landscape. U.S.D.A. Forest Service. General 
Technical Report PSW-35. 548-556. 

Tofflej’, A. 1980. Th e Third Wave . William Morrow and Company, 
Inc. New York, pp . ~pt5-3bb . 


350 


OJfIGir/AL 

Poon 


PAGC 

quality 


ASSESSMENT OF COASTAL DETERIORATION USING 
HISTORICAL PHOTOGRjVPHY AND A CIS 

M, Doslcr and C. Sasser, Coastal Ecology Laboratory 
J. Hill, Department of Civil Engineering 
Louisiana State University, Baton Rouge, LA 70803 USA 


The goal of this project was to utilize the capabilities of a geographic 
information system to quantitatively assess the amount, rate, and location 
of marsh deterioration in a 9A5 kn^ (365 sq mile) subsystem of Barataria 
Basin, Louisiana. Forty-one percent of the coastal wetlands of the 
contiguous United States lie within the deltaic plain of Louisiana. These 
wetlands and the largo commercial fishery they support represent a valuable 
renewable resource. Rates of loss from 1940 to 1970 were determined to be 
only 43 km^ (16.5 sq miles) per year. Loss of this resource in Louisiana 
is presently occurring at an increased rate of 130 km* (50 sq miles) per 
year. Some of this marsh loss can be directly attributed to human 
activities such as agricultural and residential development, und to the 
dredging of canals for oil and gas exploration and production. However, 
over 50 percent of this loss is conversion of marsh to open water which 
results from some combination and/or Interaction between natural processes 
and the indirect effects of humans. Causal niechr .lisms for this marsh 
deterioration have not yet been fully determined. 

Raw data for this project consisted of aerial pV.otography acquired in 1945, 
1956, and 1980. These data were manually photointerpreted using a classifi- 
cation system developed to resolve marsh states into discrete categories 
based on size and spati.al distribution of water bodies. These maps were 
mosaiced into a controlled data base, digitized in polygon format, and then 
converted to a grid format compatible with tlie NASA developed Earth 
Resources Laboratory Applications Software (ELAS). ELAS allowed definition 
of the temporal sequence of marsh detericration and identification of 
spatial trends. Spatial resolution was determined by a 1.0 ha minimum 
mapping unit and a 0.25 ha grid cell size, while the attribute resolution 
was determined by the 20 categories of the classification scheme. 

Results show differential rates of marsh loss between the first, 11 year 
Interval (1945-1956) and the second, 24 year interval (1956-1980). Summary 
data from a spatially integrated change detection analysis between 1945 and 
1956 yields a rate of marsh loss of 2.3 km* (0.9 sq miles), or 0.2 percent, 
of the study area per year. Only 44 percent of this loss is accounted for 
by direct human activities. The rate of marsh loss for the 1956 to 1980 
interval is 8.2 km* (3.6 sq miles), or 0.9 percent, per year. Only 
43 percent of this loss is accounted for by direct human activities. The 
loss for the earlier interval agrees with the corresponding national rate 
of 0.2 percent per year, wltlle tlie second Interval is markedly higher than 
the corresponding national rate of 0.5 perci;nt per year. Total area of 
marsh loss between 1945 and 1980 is 220 km* (85 sq miles), or 23 percent of 
the study area. 
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Preliminary spatial analysis indicates five discrete areas, each of which 
has a unique characteristic sequence of change over tine. These spatial 
patterns are being synthesized with existing environmental data which are 
being reinterpreted with respect to spatial attributes. This, in turn, is 
generating new hypotheses to explain changes in marsh patterns and the 
ecological processes they represent. 
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ABSTRACT 

This paper summarizes the first phase of a cooperative demonstration 
project between the Eastern Regional Remote Sensing Applications Center 
(ERRSAC) and the Delaware Department of Natural Resources and Environ- 
mental Control with support from the University of Delaware's College of 
Marine Studies. Separate land cover classifications were performed for 
three counties in Delaware using multiseasoual I-andsat data from April 3 
and July 20, 197A. The objective of the New Castle County and Kent 
County classifications was to provide general land cover information 
with special emphasis on existing farmland and deciduous and coniferous 
forest, respectively. A detailed study of existing inland and coastal 
wetland vegetation communities was attempted for Sussex County. Detailed 
accuracy assessments were conducted for general Land cover in New Castle 
and Kent Counties and for wetland communities in Sussex County. The 
claf.sif Icat ions were combined to provide a state\widc Level I land cover 
map and acreage statistics. Based on these results, the participating 
state agencies determined that Landsat is a viable tool for mapping and 
monitoring land cover within the state. 


1. INTRODUCTION 

On April 30, 1979, ERRSAC sponsored a remote sensing applications 
workshop in Delaware for state and local resource; managers and university 
personnel, as part of its mandate to transfer NASlA-developcd remote 
sensing technology to state and local government .agencies in 19 north- 
eastern and north-central states. This workshop introduced state per- 
sonnel to the characteristics of Landsat data undl applications, espe- 
cially for water resources and coastal zone manag;icment , and to active 
applications programs being conducted in other st.ates. This v;as followed 
by a demonstration of Landsat data analysis capabilities at the Goddard 
Space Flight Center (GSFC) on May 22, 1979, to 25; people from Delaware. 
Representatives from Delaware state government a?_so attended ERRSAC's 
first Remote Sensing Applications Conference in Easton, Maryland, 

October 2-5, 1979 (1). 
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These events resulted In a meeting on October 29, 1979, to discuss 
the feasibility of Delaware using Landsat data for resource management. 
Considerable interest was expressed in exploring the capabilities of 
Landsat data for meeting the state’s information needs. As a result, a 
questionnaire outlining 17 possible Landsat demonstration projects was 
circulated among state and local government personnel by the Delaware 
Department of Natural Resources and Environmental Control (DNREC) . The 
project areas that elicited the greatest response were: 

e Mapping land cover change. 

« Mapping development of wetlands. 

• Mapping conversion of agricultural land to other uses. 

o Integration of Landsat land cover data into an existing data base. 

Based on this response, a letter was sent to Governor Pierre DuPont 
in April 19b(J requesting his support for the cooperative program. The 
following September, DNREC reached an agreement with ERRSAC to conduct a 
cooperative remote sensing applications program and convened a detailed 
planning meeting with ERRSAC and the University of Delaware. 

DNREC, as Delaware's principal natural resources agency, took the 
leading role for the state. ERRSAC provided technical expertise, project 
guidance, and tlic primary capability in processing and analysis of 
Landsat data. The University of Delaware's College of Marine Studies 
provided additional technical assistance in establishing an operational 
remote access capability to the Pennsylvania State University Office of 
Remote Sensing of Earth Resources (ORSER) and the Earth Resources Data 
Analysis Systems (ERDAS) , Inc. image processing software available at 
the University of Delaware Center for Remote Sensing. 

Three remote sensing demonstration projects were selected, study 
sites identified, and project plans discussed during this meeting (see 
Figure 1). The first, an agricultural land conversion study, was 
prompted by the requirements of House Bill No. 307 on Agricultural Land 
Preservation passed by the Delaware State Legislature in 1981. In this 
legislation, the Secretary of \griculture is required to report to the 
Governor, the General Assembly, and the Governor's Council on Agriculture 
about the extent, location, and causes of farmland loss presently occur- 
ring in the state. The Division of Soil and Water Conservation of the 
D.NRICC beca.me involved in the Landsat demonstration project to see if 
Landsat could help identify these farmland losses. Since New Castle 
County lias the largest population and most pressure for development, it 
was chosen as the test area for evaluating I.andsat data as a tool in 
monitoring farmlands. 

The general land cover change project was of particular interest to 
DNREC' s Division of Parks and Recreation [which is now part of the Depart- 
ment of Agriculture (DOA)] for examining changes in the distribution of 
forest cover. Kent County was selected as the most representative county 
in which to test this application. 
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Finally, the Wetlands Section of DNREC's Division of Environmental 
Control wanted to use Landsat for mapping and monitoring wetland communi- 
ties, particularly in Delaware's rapidly developing Sussex County. 


For the demonstration project, only one of the two change detection 
years v/ould be examined. The state would be responsible for analyzing 
the second year. Moreover, since all of Delaware's three counties were 
to be studied, a statewide land cover classification was possible. 
Therefore, the data analysis was designed and conducted to ensure that 
the results would be compatible and could be combined to form a statewide 
land cover classification. 


2 . DATA COLLECTION 

Initially, the project plan called for the classification of a 
single Landsat scene. Since the accuracy of a preliminary unsupervised 
classification of the July 20, 1974 data set used by itself proved to be 
unacceptable, an alternative approach was attempted. To increase the 
classification accuracy, an April 3, 1974 Landsat scene was merged with 
the July data set to provide a rcultiseasonal data set acquired within a 
single year. In addition, USGS 7.5 minute series topographic laaps and 
1973/1974 color-infrared aerial photographs at scales of 1:24,000 and 
1:126,000 respectively were used in the data analysis. Field obser- 
vations and the recently available National Wetlands Survey Maps (based 
on 1979 aerial photography) were used in support of the accuracy 
assessment . 


3. PRECLASSIFICATION METHODS 

As noted above, an April 3, 1974 Landsat scene was merged with the 
July data set. This effort was accomplished by utilizing the following 
procedures : 

o Preprocessing to minimize radiometric noise in the Landsat 
multispectral scanner (MSS) data. 

• Spatial registration of multitemporal images to a common map 
proj cction. 

• Classification by county of the eight spectral/temporal channels 
using an iterative unsupervised clustering approach followed by 
manual cluster labeling. 

• Wetland training site selection and supervised classification 
of wetland areas in Sussex County, subsequently merged with 
unsuperviscJ land cover clusters. 

0 Final statistical summary and accuracy assessment. 

The image processing software used to accomplish the above tasks 
included the following systems: 
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• ERRSAC's Interactive Digital Image Manipulation System (IDIMS) . 

• ERRSAC's Geographic Entry System (GES). 

o Goddard Space Flight Center's Video Image Communication and 
Retrieval (VICAR) System. 

« University of Delaware's ORSER System. 

It University of Delaware's Earth Resources Data Analysis System 
(EPJ)AS). 

IDlMS and GES were developed for an HP-3000 computer by the Electro- 
magnetic Systems Laboratory (ESL) Inc., a subsidiary of TRW Inc. in 
Sunnyvale, California. VICAR is an IBM-based image processing software 
system developed by the Jet Propulsion Laboratory (JPL) in Pasadena, 
California. ORSER is an IBM-based image processing software system 
developed by the Pennsylvania State University Office for Remote Sensing 
of Earth Resources and modified to run on the University of Delaware's 
Burroughs B7700 computer. ERDAS is an image processing and geographic 
information system developed by ERDAS, Inc. of Atlanta, Georgia for a 
Z-80 microprocessor. 


3.1 Radiometric Preprocessing 

When entered into IDIMS, the two-date digital Landsat data were 
reformatted and corrected for distortions introduced by earth-rotational 
skew and inclusion of synthetic pixels. The data were unleaved line-by- 
linc and digital values were converted into 256 quantization levels. 
However, aspect ratio, mirror scan velocity profile, panorama effect, 
band-to-band misregistration., and radiometric recalibration are not com- 
pensated for by this IDIMS software. Visual examination on an inter- 
active video-display device revealed no significant geometric distortion. 

Two radiometric distortions evident in the data were line dropouts 
and six-line striping. Digital values in bad data lines were replaced 
by the average of the digital values in the preceding and following lines. 
Based on tlie assumption that eacli of the six sensors in each band had 
been exposed to scene radiances with approximately the same probability 
distribution, a non-linear approach was used for destriping. Sensor 
values were modified so that each one v/ould be related in the same way to 
the actual scene radiance. This procedure, available within the VICAR 
Itmige processing software, adjusts or "equalizes" every striped sensor's 
cumulative histogram to the scene cumulative histogram (2). No multidate 
radiometric calibrations such as a sun angle correction or a band-to-band 
radiometric calibration were performed. Bands 4 and 5 of the April scene 
were left in the original high-gain mode, set at the time of overpass to 
maximize water penetration. 


3.2 Geometric Adjustment and County Stratification 

The two dates of image data were spatially registered to a common 
map projection, tlie Universal Transverse Mercator (Ulll) . Prior to 
spatial registration, commea image lines were found in the two July 



ORJGIWai. 

OP POOR 

scenes (path 15, rows 32 and 33). Tx.’o subscencs were extracted and 
mosaicked together top to bottom. Complete state coverage was not used 
for the April data. A northern portion of New Castle County was missing 
from the April date because of cloud coverage. 

Image coordinates for about 60 uniformly distributed ground control 
points were located within each county for each date, 'fhe points were 
simultaneously marked on USGS 7.5 minute series topographic maps to tie 
common features in both dates of imagery to a selected base map. Using 
these maps the UTM coordinates were digitized on a digitizing table with 
software in the Geographic Entry System (GE3) . The multitemporal imagery 
was registered for each county separately. A UTM origin was selected for 
each county and the corresponding digitized ground control points were 
rescaled to image coordinates representing 50-metcr square pixels. 
Third-order polynominal equations were used to provide a least squares 
transformation between raw image coordinates and the rescaled UTM coor- 
dinates. Control points with large residuals were iteratively deleted 
until the final least squares residuals ranged between +1.5 pixels. 

The average residual error was always less tlian 0.5 pixel for each of 
the six registrations. 

A simple bilinear interpolation was used to resample the input 
image density values to the desired output pixel location. Bilinear 
interpolation was chosen because it produces a less blocky appearance of 
linear features than that associated with nearest-neighbor interpolation. 
Although high-order interpolation improved the visual appearance of 
images, analysis techniques such as classification could be sensitive to 
the resampling method employed (3). For a general land cover classifi- 
cation such as that developed in this study, it was felt that the 
bilinear method v;ould not have a significant effect on the classifi- 
cation, although no tests were done to verify this assumption. Ethridge 
and Nelson (4) found no significant difference between the maximum like- 
lihood classification results of the three resampling methods. However, 
Logan and Strahlcr (5) found that the average forest training class mean 
decreased by 4.56 digital counts and was accompanied by an increase in 
the standard deviation of 42 percent for bilinear resampled data and 
60 percent for cubic interpolation. 

Multidate registration was verified on a video display by flickering 
between the two image dates. The base map registration was verified by 
overlaying raster plotter gray maps on the 7.5 minute topographic maps. 
Visual examination revealed that the registration deviated no more than 
one pixel in any area. After this spatial adjustment was applied to the 
raw data, a copy was recorded on magnetic tape and sent to the University 
of Delaware for input to the ORSER and ERDAS iaiage processing systems. 
Here, the data could easily be accessed by DNREC and DOA analysts. 

Tlie county and 7.5 minute topographic map boundaries were digitized 
as separate polygon overlays with the GES softv;are. Each overlay was 
converted into a raster image with the same origin and pixel size as the 
spatially adjusted Landsat data. The county image was used to stratify 
tiie Landsat data by county and eliminate any data outside of the State 
of Delaware. The topographic map image was used to produce 7.5 minute 
map overlays on a raster plotter to (1) validate the Landsat geometric 
adjustments, and (2) produce classification maps for the accuracy assess- 
ment. An example of Che digitized boundaries is shown in Figure 2. 
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Two approaches to classification were used as part of the Delaware 
state projects. For Che general land cover surveys, separate unsuper- 
vised classifications were performed for each county. A supervised 
approach was used for the more specific classification of wetland com- 
munities in Sussex County. 


A.l Unsupervised Clustering 

An unsupervised approach was used to develop ground cover classifi- 
cation signatures for each county. The aim of unsupervised clustering 
was to partition the multispectral/multitemporal data into disjoint sets 
of spectrally homogeneous clusters without prior knowledge about the 
actual signature distribution of individual land cover categories. The 
most important feature of this approach was that it defines not only the 
pure ground cover types in a Landsat scene, but also the mixture classes 
that were present. The term unsupervised can be misleading because a 
high degree of analyst Interaction was required to successfully use this 
technique. As diagrammed in Figure 3, this was an iterative procedure. 
The analyst first selected an algorithm suitable for the application and 
then iteratively changed the numerical parameters until an acceptable 
result was obtained. 

The algorithm used was the ISOCLS software available in IDIMS. This 
program was both versatile and complicated because the algorithm sub- 
jected the multivariate data to a certain number of split and combine 
iterations. The number and order of iterations were determined by the 
analyst. On a split iteration, clusters which exhibited standard 
deviations (in one or more channels) greater than the analyst -specified 
standi.rd deviation were split. On a combine iteration, pairs of clusters 
were evaluated to see if their means were less than an analyst-specified 
distance apart. If the separation was less than this distance, the 
clusters were merged. In addition to an output cluster image, a statis- 
tics file describing the statistical distribution of each cluster's 
spectral/tcmporal signature was generated. 

The spatial location of each cluster was displayed on an interactive 
video display device and manually assigned a land cover label. Topo- 
graphic maps, aerial photographs, and two-band spectral plots were used 
as labeling aids in the process. The analyst made an initial visual 
interpretation as to the land cover category to which each cluster 
belonged by examining the spectral plot of means ;ind covariances. When 
the most appropriate laud cover type was determined for a cluster, the 
analyst interactively assigned a color to it. Cluster labeling was a 
very subjective procedure. As a result, the analyst needed to have g )od 
aerial photointerpretive skills, a physical understanding of the spectral 
data to interpret the spectral plots, and adequate field knowledge of the 
study site. In this application, the label of each cluster was evaluated 
by the DNREC or DOA analyst wlio was the most familiar with the correspon- 
ding area. 


358 



4.2 Masking and Reclustering 
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Adding a second date to the unsupervised classification increased 
the variability within the data set, and therefore, the clustering 
algorithm should have generated more clusters to characterize the 
seasonal variability in spectral response. However, as the number of 
channels increased, the maximum number of clusters that could be 
generated by the IDIMS ISOCLS algorithm decreased. For an eight-channel 
data set the maximum number of clusters was 64. A thresholding and 
masking technique was used to generate more clusters in a two-phase 
approach to clustering. 

In the first phase masks for the water class were created for both 
dates by finding a binary threshold in Landsat MSS band 7. These two 
masks were combined (i.e., multiplied together) and used to mask out 
water by multiplying the eight-channel data set by the water mask. The 
area of missing data in the April scene was eliminated from the July 
scene. This masking technique eliminated water classes, forcing the 
ISOCLS algorithm to produce more land cover clusters. The water mask 
was subsequently added back to the cluster classification to recreate 
the water category. 

The resulting 63 land cover clusters were aggregated for each county 
to obtain nine land cover categories for New Castle County, eight cate- 
gories for Kent County and six categories for Sussex County (see Results 
section). Evaluation of each county classification revealed some areas 
of confusion between wetlands and forests, commercial/industrial and 
agriculture, and residential and agriculture. In part, this problem was 
due to the large variation added to the data by the addition of data for 
a second date without a comparable increase in the number of .clusters 
generated. Examination of the covariance matrix of each cluster revealed 
a larger covariance within the data for each date than between dates. 

Thus the multitcmporal variation was well segmented, but the wlthin-date 
variations were not adequately segmented into meaningful clusters. 

In the second phase of clustering, an attempt was made to reduce the 
variance within clusters by doubling the number of clusters generated by 
the ISOCLS program. For example, twenty-seven of the clusters with the 
largest within-date variances were grouped together to form a mask in New 
Castle County. The remaining data formed a second mask. Each mask was 
multiplied with the raw data, clustered into 63 clusters, and subse- 
quently added to form 126 new clusters. The new cluster image was cross- 
tabulated with the previous land cover classification to speed up the 
labeling process. Using a simple plurality decision rule, cluster labels 
were assigned based upon the predominant land cover present in the pre- 
vious classification (6). 


4.3 Stratified Cluster Labeling 


Each state participant visited ERRSAC for a 1-day intensive analysis 
session to help refine the cluster labelings. For the nortliern portion 
of New Castle County, the small area of single-date data was clustered 
separately, labeled and merged with the county classification map. An 
evaluation by the state participant revealed some remaining confusion 

between agriculture, urban, and wetland cover types. In particular, the 
commission errors of the urban categories were too high. 


c: 
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To save time and to reduce conmlsslon errors, a stratified approach 
to cluster labeling was pursued. Using 7.5 minute topographic maps, the 
three cluster images were segmented into two zones, one corresponding to 
areas of major urban influence (i.e., residential, industrial, commer- 
cial) and the other with no urbanization (Figure 4). Clusters that were 
previously labeled as urban in the non~urban strata were grouped into 
wetland or agricultural cover types. This classification was merged with 
the urban classification to create the final land cover classification. 

A color negative of this image was sent to DNREC, from which 1: 50,000- 
scale color prints of the county classifications were made. 


4.4 State Level Aggregation 

For the state level classification, the categories in the unsuper- 
vised classifications of each county v;ere aggregated into six categories: 
agriculture, developed, wetlands, coniferous woodland, deciduous wood- 
land, and water. In New Castle and Kent Counties, shallow water and 
water were grouped into the water category, and commercial/industrial, 
residential, and construction/bare soil were grouped together into the 
developed category. The three counties/ were mosaicked together and the 
county boundaries were digitally superimposed onto the final state level 
classification map. 


4.5 Supervised Wetland Classification 

Since the objective of the wetland classification was a delineation 
of several marsh species as well as the separation of freshwater and 
tidal species communities, a more intensive approach combining super- 
vised and unsupervised techniques was used for Sussex County. The wet- 
land species communities included (1) reed grass ( phragmltes communis ) , 

(2) salt hay ( spartlna patens ), (3) cord grass ( spartlna altemif lor a) . 

(4) brackish marsh (a mixture of salt-tolerant and freshwater species) , 

(5) freshwater marsh, (6) evergreen swamp (cypress and cedar) , and 
(7) hardwood swamp (water oak, black gum, sv;cet gum, and red maple). 

First, unsupervised clustering was used to generate 64 multi- 
temporal/multispectral clusters. These clusters were grouped into six 
general land cover categories: (1) water, (2) developed, (3) wetlands, 

(4) coniferous woodland, (5) deciduous woodland, and (6) agriculture. 

Next, supervised training sites were located within the wetland communi- 
ties and other cover types that were mistakenly classified as wetlands. 

A number of iterations were required before most of the wetland seasonal 
spectral responses were characterized. Final mean vectors and covariance 
matrices were generated for 60 wetland training sites distributed through- 
out Sussex County with the aid of the DNREC analyst and 1973 color 
infrared aerial photographs. Each training site was either accepted or 
rejected during this process based on the statistics for each band of 
data. For example, any site with a blmodal distribution was rejected. 

After each iteration, the Landsat data were classified using a 
maximum likelihood decision rule for each of the 60 sites. Each class 
was then displayed and selectively thresholded, using the likelihood 
value of each pixel to eliminate areas not belonging to the class. 
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Finally, sovoral of the unsupervised wetland signatures were merged with 
the supervised classification using an image overlaying technique to 
create a final wetland map. 


5. RKSULTS 

Presented below in Table I are the results of the three Individual 
county classifications aggregated for the State of Delaware, along with 
overall accuracy levels. There are no correlative sources of information 
available from the state for comparison, but the high accuracy levels 
confirm the rollabllity of the trl-county classification. 

The other tables in this section present the results of the indivi- 
dual county accuracy assessments, and the Sussex County wetlands classifi- 
cation. A general land cover accuracy assessment was not done for Sussex 
County because the project was designed to map wetlands at the species 
level. Thcroforo, tho percent .»ccuracy figures in Table 1 are the com- 
bined land cover accuracies for the New Castle and Kent Counties. 


TABLE I 

ACRKACK COUNTS 


Category 

New Castle 

Kent 

Sussex 

State 

Percent 

Accuracy 

Developed 

6A212 

15035 

23581 

102828 

91.5 

Agriculture. 

138658 

221605 

298851 

659114 

93.4 

Deciduous 

50796 

92308 

185392 

328496 

93.9 

Con Iferous 

880 

6626 

59630 

67136 

100.0 

Wet lands 

19469 

47.858 

36963 

99290 

75.7 

Water 

23188 

130'345 

154809 

308342 

94.5 

Totals 

297203 

508777 

759226 

1565704 

92.4 


(Water ucreag 
tho Delaware 

es for 
Bay). 

Kent and Sussex 

Count l«‘s 

Include 


5.1 Rout and New Castle Counties 

Tho accuracy assossmunts for New Castle mid Kent Counties were 
carried out using a total of seven USES 7.5 minute topographic quadran- 
gles, and selecting either a 5 or 10 percent random sample of pixels on 
each quad sheet. This ropro.sentod a 4.5 percent sample of Delaware's 
land area statewide. 
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The accuracy aocessmcnts v/ere conducted by overlaying thematic 
plotter maps of the Landsat classification and photographic mylars of - 
the ground truth infcmation (1973 black-and-white aerial photography) 
onto the 7.5 minute quads. Both the photo mylars and plotter maps were 
reproduced at a scale of 1:24,000 in order to fit the 7.5 minute quad 
sheets. A grid with a cell size of 25 pixels (5x5 pixel blocks), 
numbered along its x and y axes, then was superimposed on the other 
products. Using a random numbers table, 251 cells were sampled for each 
quad in New Castle County, or a total of 6275 pixels per map, and 125 
cells were sampled for each quad in Kent County, or a total of approxi- 
mately 3125 pixels per map. Each cell of the plotter map was compared 
with the photo mylar (ground truth) on a plxel-by-plxel basis. Areas 
which could not be identified on the aerial photography were checked in 
the field. A count of the number of correct and Incorrect pixels was 
recorded, and these results ate summarized in the following tables. 


TABLE II 

nb; castle county accuracy assessment 


UNDSAT lOKNTlKlCJUION 


VKKin KU ' 


CATKUIKY 

or.cin 


liFVKt. 

CONIK 


VATKR 

TOTM. 

CORRKIIT 

ArClIIbNCY’ 

Hoc Id. 


. 20'< 

36 


11 


2309 

89.0 

85.3 

Aj’,r Ic . 

b!l 

7tna 

756 


19 


86 7« 

90.3 

83.0 

lit'v*'! . 

2 

371 

44B6 


4 

3 

4866 

92.2 

77.9 

Con Krr . 




58 



58 

100.0 

95.1 

Welland 

11 


61 

3 

510 


794 

64.2 

56.7 

W.itor 

3 


41 


70 

1470 

1590 

92.5 

92.0 

Total 

2156 

«b03 

53S2 

61 

6U. 

1477 

18295 

89.7 


Z Conmls. 

4.7 

9.9 

16.6 

4.9 

20. r 

.5 




(Combined 

contingency table for Middletown, N*'wark 

Fast, .ind WllminRlon South 



quAdraiiKit’i' ; 10 prci-.’nt sample of pixels per qiiadl 

*map aeeuraey equals tlie total number of pixels rorreclly Identified, divided by the 
total number of pixels In the (-.round truth eategory, plus the number of pixels Incur 
roctly Included In licit i-ategory by the londsat data classification. 
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The only category that was classified with less than adequate accuracy 
in New Castle County was wetlands, which the Landsat interpretation con- 
fused mostly with agriculture. All other categories wore classified with 
approximately 90 percent accuracy (t.e., percent correct). This is 
particularly important in New Castle County, because here Landsat data 
may be used in conjunction with other information to monitor the conver- 
sion of large blocks of farmland to other land use types. 

There arc several reasons which explain why confusion exists between 
the major land cover categories. These can bo summarized as follows: 

- mlsclassiClcatlon due to edge effects created when multiple cate- 
gories appear within a small area; 

- errors that can be attributed to out-of-context classification; 
e.g., parkland within urban areas being classified as agriculture; 

- seasonal differences between aerial photos (March 1973) and 
Landsat data sets (April and July 1974) , as well as actual land cover 
clianges duo to construction; and 

- misregistration among the Landsat dates and ground verification 

data. 


TABLE III 

KENT COUNTY ACCURACY ASSESSMENT 


lANUSAT CLASSinCATlON 


MAP 


•«.rATKi:ORY'* 

ACRIO 

WETU) 

RESID 

COHM’L 

CONIK 

DEOin 

UATSH 

WATER 

TOTAI. 

I CORRECT 

ACCURACY (I) 

ACRiail-TVRK 


84 

34 

22 


57 

— 

— 

7103 

*»7.2 

94,6 

WKTUVNns 

48 

595 

S 

u 

— 

3 

2 

— 

66S 

89, S 

78.7 

RESIDENTIAL 

SI 

1 

259 

2i 

— 

7 

— 

— 

350 

74.0 

64 , 0 

COMMERCIAI./ 

INDUSTRIAL 

n 

— 

13 

155 

— 

2 

— 

" 

181 

85.8 

84.9 

CONIFEROUS 

— 

" 

— 

— 

143 

— 

— 

— 

143 

100.0 

97.9 

nEClDUOUS 

79 

6 

3 

1 

— 

3188 

— 

" 

3277 

97.3 

95.3 

WATER. SUALI.0U — 

" 

— 

— 

— 

— 

34 

— 

34 

100.0 

89.5 

WATKR 

+ 

— 

— 

— 

— 

— 

— 

2 

S48 


99.6 

99.6 

TOTALS 

7100 

686 

314 

214 

146 

1257 

38 

548 

12303 

96.4 
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Only the developed categories (conaaerclal-lndustrial and reaiden- 
tlal) In Kent County were classified with moderate accuracy; all others 
were once again in the 90. to 100 percent range. Many of the same prob- 
lems which affected the Hew Castle County classification were also 
present here, including the edge factor, time changes, and confusion 
between similar opectral classes representing different land use or land 
cover categories. Tlie overall Kent County classification, however, had 
excellent accuracies for agriculture, forest and water. It can be stated 
that in general, both Kent and New Castle Counties were accurately clas- 
sified over large areiis, and that most of the classification errors 
occurred in small areas, such as along boundaries or in other transi- 
tional areas. 


5.2 Sussex County Wetlands Inventory 

The classification of wetland communities in Sussex County, inclu- 
ding several individual species, was only partially successful. Hardwood 
swamp (52 percent of all wetlands) was by far the largest category as 
mapped by Landsat; while no doubt extensive, this figure is obviously 
overestl^ted. Similarly, coniferous swamp is well underestimated. The 
state analyst, however, confirms that the estimates of brackish marsh, 
cord grass ( spartlna alternlf lora ) , and salt hay (spartina patens) are 
reasonable, while those for freshwater marsh and reed grass ( phragmltes ) 
are somewliat uncertain. This is mirrored in the accuracy assessment by 
the fact that only spartlna alterniflora . water, and the other general 
land cover (non-marsh) categories were mapped with acceptable (^ 50 per- 
cent) accuracies. Freshwater marsh was delineated with only approxi- 
mately 30 percent accuracy, brackish marsh with approximately 40 percent, 
and hardwood swamp, coniferous swamp, and spartlna patens were capped at 
approximately the 46 percent accuracy level. 


TABLE IV 

SUSSEX COUNTY, DELAV7ASE 
1974 LANDSAT WETLANDS INVENTORY 


WETLAND COMMUNITY 

ACREAGE 

7 . OF AREA 

Hardwood Svmmp 

36701 

52.0 

Coniferous Swamp 

2506 

3.6 

Freshwater Marsh 

6191 

8.8 

Phragmites 

2162 

3.1 

Brackish Marsh 

6047 

8.6 

Spartina Alterniflora 

15066 

21.3 

Spartina Patens 

1900 

2.7 

Total 

70573 

100.0 
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Reaaons for these low accuracies Include the difficulty of selecting 
reliable training sites for the various marsh types, the need for data 
from other or additional seasons, and the limited spatial end spectral 
resolution available with the Landsat MSS (7). It is possible that if 
the study area had first been stratified into upland and lowland types 
as reported in Ernst et al. (8), much higher map accur"cies could have 
been achieved. 


TABLE V 

1974 ACCURACY ASSESSMENT 

WETLANDS CLASSIFICATION, SUSSEX COUNTY, DELAWARE 


LANDSAT IDENTIFICATION (8-BANDS) 



Hardwood 

Svoap 

Coniferous 

Svasp 

Freshwater 

Karsh 

Water 

ID 

*J 

5 

«l 

0- 

JS 

ta 

u u 
» w 

U ej 

« X 

Spartlna 

Altemlflora 

Spartlna 

Patens 

Other 

Total 

Z Correct 

Hardwood 

205 

12 

16 


10 

12 

2 

1 

193 

451 

45.5 

Swoop 












Conlferoua 

6 

30 

1 



3 

4 


22 

66 

45.5 

Swoop 












Freshwater 

5 

44 

76 

1 

20 

21 

22 

7 

66 

262 

29.0 

Harsh 












Hater 

1 

31 

40 

1399 

1 

le 

139 

3 

75 

1705 

82.1 

Fhragaltes 

1 

1 

6 


23 

4 

3 


44 

82 

28.0 

Brackish 

5 

1 

9 

I 

7 

114 

31 

5 

113 

286 

39.9 

Marsh 












Spartlna 




27 


47 

535 

60 

59 

728 

73.5 

Altemlflora 












Spartlna 





1 

5 

17 

25 

6 

54 

46.3 

Patens 












Other 

205 

6 

21 

4 

71 

48 

60 

80 

6836 

7351 

93.0 

Total 

428 

125 

169 

1432 

133 

270 

633 

180 

7414 

10985 


2 Conmlsslon 

52.1 

76.0 

55.0 

2.3 

87.7 

57.8 

35.8 

86.1 

7.8 
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Multltcmporal Landsat KSS data produced an accurate and useful 
Inventory of farmland, forest and general land cover for the state. 
Comparison of land cover classifications from different years therefore 
would provide the cliange detection information required by Public Law 
307. Based on the success of these applications, the State of Delaware 
has established an image processing capability at the University's Center 
for Remote Sensing In Newark, and plans to explore further applications 
of Landsat data. Specifically, a more recent (erica 1980) statewide land 
cover classification for examining land use change is anticipated. 
Although Landsat MSS data were found to be only marginally useful for 
mapping communities of wetland species, the Landsat 4 Thematic Mapper, 
an advanced remote sensor launched in July 1982, holds special promise 
for improving discrimination of wetland types. The State and University 
of Delaware plan to investigate the capabilities of this now sensor in 
future resource monitoring projects. 
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FIGURE 3. Strategy for Unsupervised 
Classification 


FIGURE 4. Urban versus Non-urban Influence 
Mask 
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IMPACT OF DEMOGRAPHIC SITING CRITERIA AND : 

ENVIRONMENTAL SUITABILITY ON LAND AVAILABILITY | 

FOR NUCLEAR REACTOR SITING | 

i 

K.L. Hansen j 

Dames & Moore j 

1100 Glendon Avenue, Suite 1000 j 

Los Angeles, California 90024 USA ^ 



1 . INTRODUCTION 

Development of a comprehensive policy for the integrated management of the 
nation's energy resources is hampered by a lack of detailed data bases. 
Continuing advances in computer mapping technology enable the efficient 
processing of detailed data for large regional analyses. For example. 
Dames & Moore conducted a study for Sandia National Laborator’ea and the 
U.S. Nuclear Regulatory Commission (NRC) to assess the effect of popula- 
tion and certain environmental characteristics on the availab '.1 ity of land 
for siting nuclear power plants. The study area, consisting of the 48 
contiguous states, was divided into 5 kilometer (km) square grid cells 
yielding a total of 600,000 cells. Through the use of a modern geographic 
information system, it was possible to provide a detailed analysis of a 
quite large area. Numerous maps and statistical tables were produced, the 
detail of which were limited only by available data. 

The study arose from the 1980 Nuclear Regu3.atory Commission appropriation 
authorization which directed the NRC to develop population density and 
distribution criteria for nuclear facility siting. Because the U.S. 
Congress further stated that the NRC should develop these standards so as 
not to preclude further siting of reactors in any region of the United 
States, tlie study was enhanced by examining the environmental suitability 
as well as the demographic characteristics of the nation. The analysis 
assessed and compared the impacts of a variety of individual and complex 
siting criteria which included population density and distribution, and 
environmental/engineering cost factors. 


* 

i 

% 

I 


)! 


2 . METHODOLOGY 


The analytical method was an iterative-type analysis based on computer 
mapping technology. The investigation utilized Dames 6 Moore's Geographic 
Information Management System (GIMS), which analyzes data in a uniform 
sample based on abstraction in a grid cell format, GIMS provide.*' a 
comprehensive approach to recording, storing, manipulating and displaying 
the mappable information used in spatial analyses as well as a dynamic data 
base which can be readily updated, and simultaneously allows ev.sluation of 
many alternatives that would otherwise be explored by time-consuming manual 
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procedures. In addition to simple overlay techniques, its capability in- 
cludes weighted overlays and cost me eling based on distance and impedance 
funct ions . 

The selection of a base map and grid cell site on wliich to perform the 
analysis was based on consideration of four related factors: (1) char- 
acteristics of the s'^udy area; (2) nature of the input data; (3) analysis 
methodology; and (A) desired output or display products. By using an equal 
area projection, and a square 5-km grid cell, the visually implied regional 
relationships regarding the amount of land area affected by siting criteria 
became valid. 


3. F.VAUIATION IS.SIIK.S 

To meet the objectives of this study, a set of general siting issues was 
used to identify and discriminate more suitable siting areas from less 
suitable ones. The issues cover a variety of demographic criteria and a 
diverse set of environmental siting criteria that relate normally to cost 
considerations. It is important to note that ihe term "environmental" is 
being used in a somewljat limited sense. The factors considered in this 
guise relate to implementation, engineering, construction, or cost issues 
vdiich share a common link to the physical environment — hence, the label. 

Three issues were defined for the population criteria: 

o Stanil-off zones — Restrictions imposed by distance from urban 
centers of a particular size; 

o Annular population density — A measure of population density 
within a specified (circular) area; 'od 

o Sector population density — A measure of the distribution of 
population by sectors wilViin circular areas of specified density. 

Four issues were defined for the environmental criteria: 

o Restricted lands — Those areas in which the development of a 
nuclear power plant is difficult due to legal con.straints or the 
predominance of wetlands; 

o .Seismic hardening — The additional coat or difficulty of compli- 
ance with seismic design criteria; assunied to be measured by the 
maximum expected (SO-year) V.orizont al ground acceleration expressed 
in fractions of gravity (g); 

o Site preparation — A relative measure of ruggednesa or topographic 
character expressed as an index which indicates the percentage of 
land with access and construction difficulty; and 
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o Water availability — An index reflecting the relative cost of 
obtaining water for cooling, from both cur face and ground vmter 
sources . 

The latter three cost data were further combined to yield information 
regarding overall environmental suitability. 

To describe the flow of data and the development of analysis through this 
project, a data structure diagram was used (Figure 1). It illustrates how 
information about the evaluation issues was derived from source data as 
well as how these were combined to yield the impacts of siting criteria on 
land availability. For the most part, each box on the diagram represents a 
map that was created or a data file that could be displayed either as a map 
or table. 
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4 . DATA BASE 


Detail of data employed in past studies considering large geographic areas 
was often limited by the effort and cost of computing huge map files. 
Today's limitations on detail, as in this study, consist more of the 
availability of detailed digital nationwide data bases os CIS modeling 


has become more efficient. 


Demographic data were the most detailed. 
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easieeC to obtain in a digital fornat , and consisted of population counts 
geographically referenced by ctiuacrctien district centroids and urban 
centers. Environmen'al data were lacking in both format consistency and 
level of detail. They included the location of protected national end 
state resources such ns forest and parks, major wetlands, seismic accelera- 
tion and associated construction costs, a measure of terrain ruggedness for 
access and construction considerations, and hydrologic data indicating 
sustained availability of both surface and ground water. While it is 
beyond the scope of this paper to illustrate all of the data employed 
and thoroughly discuss their strengths and weaknesses, the use of these 
data illuminated the need for vastly improved data bases. The issues 
defined, however, did support an analysis that showed trends and identified 
areas tnat could subsequently be considered for selection of power plant 
sites . 


4.1. Urban Centers 

Data concerning urban centers were extracted from the publication NUREG- 
034P 111. This publication categorizes urban centers into three groups: 
those centers with populations in excess of 25,000 people; greater than 
100,000 people; and greater than 200,000 people. The listing was later 
updated with information provided by the NRC to include population figures 
for urban centers greater than 250,000 people, greater than 500,000 people, 
and greater than 1 million people 


4.2. Population Density 

To calculate population density for annuli and sectors, analyze various 
criteria, and ensure that the results be reliable in the face of changing 
national po|iulation trends, it was necessary to obtain the niost up-to-date 
and detailed population figures. Figures from the 1980 Decenial Census 
were not available in time for use in this study. In their place, esti- 
mates for 1980 population were used as supplied by the National Planning 
Data Corporation (Ithaca, New York). The data were formatted on magnetic 
tapes with population figures geographically referenced by the latitude and 
longitude of enumeration district centroids. 


4.3. State Boundaries 

Using an Albers Equal Area Base Map at a 1:3,168,000 scale, all coastlines, 
international boundaries, and state boundaries were digitized. The area 
within each state was assigned a unique code to identify it for further 
use. The state boundaries map file was used to analyze data and display 
the results graphically and statistically both on an individual state basis 
and by groups of states. 


376 



OfHaiNAL 
OF POO/? 

4.4. Restricted Lsnds 

The nature of certain areas of the country causes them to be protected or 
restricted from development. Two types of lands were considered as re- 
stricted: a large group of lands that are legally protected; and existing 

major wetlands. 

The Energy Reorgantxnt ion Act of 1974 (Section 207) states that national 
forests, parks, historic monuments, and wilderness areas should be excluded 
from consideration as potential nucle.ir energy center sites. Regardless 
of a national policy on this matter, the utility industries tend to avoid 
such areas because of the possibility of time-consuming and costly legal 
battles. With this in mind, the list was expanded to include a variety of 
other protected lands such as: national grasslands, wildlife refuges, 

recreation areaa, seashores; state parks, forests, reserves /re fuges , 
recreation areas; and military and Indian reservations. 

Three different map sovircen were used to obtain the locations of these 
protected lands: the United .States base map otilixed in this study (com- 

piled by the U.S. Geological Survey, 1965); sectional sheets at a scale of 
1:2,000,000 from the dational Atlas (2); and the 1980 Rand HcHally Atlas ao 
this wrr. one of the most detailed, up-to-date, and unifonn sources of 
information. Recause this study dealt not with site selectioii, but with 
the general patterns of land availability, a minimum sire ncreen of 100 
.square mile.s was used for some of the resources. 

It is the policy of the Water Resources Council to ensure the protection of 
wetlands from adverse impacts and degradation I3); consequently, the 
location of major wetlands were mapped ns an additional constraint. 
However, no uniform nationwide database exists regarding the location of 
major wetlands. After consideration of several approaches defining the 
extent of wetlands in an efficient manner, it was decided to use the 
1:2,000,000 scale section.al sheets of the National Atlaa (2j. At this 
scale, only major wetlands can be rhown. A compariaon of these rourco data 
with more detailed map data of a larger scale shows that some of the 
wetland boundarie.s have been generalised and most vetlnndr. leas than 60 
square miles wore probably not shown on the sectional sheets. 
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4.5. Seismic Hardening 

The data nocess.ary to evaluate the potential problem from the standpoints 
of rupture barard and dynamic aoil stability (liquefaction) were not 
uniformly available throughout the United Staten. For this reason, seismic 
hardening was evaluated solely on the basis of vibratory ground motion. 

While the detailed investigation.") required for the determination of the 
Safe Shutdown Eartliqiiake (SSE) for each 5- by 5-km grid cell were clearly 
beyond the scope of this study, it was possible using available data to 
probabilistically evaluate the relative severity of the strong ground 
motion hazard in the study area and consider costs of seismic hardening. 
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This was accomplished using probabilistic studies of seismic risk prepared 
by Algermissen and Perkins (4l , and the Applied Technology Council (ATC) 
(51, and supplemented with information from a U.S. Geological Survey 
professional paper (6). The resultant map showed accelerations in bedrock 
expressed as a fraction of gravity (g). 

The general impact of seismic design requirements is assumed to be propor- 
tional to Che specific costs of the necessary additional design and con- 
struction features. In NUREG/ CR-1508 (7], seismic hardening costs were 
calculated and related to the SSE expressed as a fraction of gravity by 
estimating changes in cost. Applying the cost information to the map of 
probabilistic seismic acceleration yielded a r.ap which was transformed into 
a cost surface showing the additional cost of seismic hardening. 

4.6. Site Preparation 

An increase in slope or ruggedness of terrain translates directly into 
increased cost for construction. This includes the difficulty that may be 
encountered in excavation for foundations, construction of the access roads 
wtiere low grades arc required (due to the extreme weight of components such 
as turbine or pressure vessels), and finally measures that must be taken to 
mitigate environmental disturbances such as control of runoff and erosion 
from cut slopes. 

Data representing a general index of both the steepness of slopes and the 
aerial extent of such slopes were found in a paper by E.H. Hammond [8] and 
his map which was adapted and found in the National Atlas [2]. Regions on 
the map were characterized by the percentage of their area classified with 
a topographical gradient of less than 8 percent slope (gently eloping). 
The 8 percent slope is not strictly a critical threshold value for land 
utilization. It does, however, indicate a value beyond which movement of 
vehicles becomes impeded, and in general, construction and operation 
becomes more difficult. 


4.7. Water Availability and Cost 

Cooling system cost has become a major component of the total power plant 
cost. Several factors are involved in this issue: the type of cooling 
system — mechanical draft wet towers, natural draft wet towers, cooling 
ponds, once-through cooling, or dry cooling; climatic temperature distribu- 
tions; existing priorities for use of available water; and restrictions 
such as wild and scenic rivers. A methodology was developed to present a 
general picture of water availability and the cost involved in its use by 
taking a conservative approach and considering the cooling system to be the 
water consumptive draft wet towers. 

Sources of both surface water and ground water wore mapped and costs (tor 
satisfying 100 percent of the cooling water need) were determined for 
each. A computer model was used to calculate, for each cell, the cost of 
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obtaining water as a function of vertical and horizontal pumping costs over 
a variety of terrain and, if necessary, the use of a reservoir. Cost 
estimates included both an initial capital expenditure and 30-year operat- 
ing and maintenance requirements. The model determined the least of the 
cost alternatives for supplying either surface or ground water to a cell; 
the two map files were then overlaid to produce a map showing the least 
cost of available water. 

Surface water. Hydrological implications of water consumption by 
nuclear power plants have been discussed by Giusti and Meyer (9l. In 
siting plants along rivers, one must consider the periods of low stream 
flow when the impact on the water resources of total water consumed in the 
cooling process is at a maximum. Stankowski, Limerinos, and Buell [10) 
have examined the low flow in the United States to provide information 
regarding potential sources of cooling water. They prepared a map which 
identifies those streams for which the average 7-day low flow with a 
recurrence interval of 10 years is at least 300 cubic feet per second 
(cfs). (The 7-day, 10-year low flow or 7Q10, is the average low flow that 
occurs over 7 consecutive days with a probable recurrence of 10 years.) 
Their map shows those stream reaches that: (1) have a 7Q10 of at least 300 
cfs; or (2) could furnish a sustained flow of at least 300 cfs if storage 
were provided. For their study, 300 cfs was selected as the required flow 
in this stream on tlic assumption that many states will not permit more than 
10 percent of the dependable flow to be withdrawn for a consumptive use. 
Ten percent of 300 cfs equals 30 cfs, which is the amount of water that 
might be considered necessary to cool a 1,000 megawatt (MWe) nuclear power 
plant if cooling towers, sprays, or ponds were used. 

Ground water . A viable source of cooling water in many parts of the 
country is ground water. Although, characteristics of ground water can 
vary quite dramatically within a small region, an attempt was made to 
locate a source of information that would satisfy the broad scale require- 
ments of this study. Using the USGS water supply paper 1800 [11], major 
regions and subregions of the country were mapped as source data. The 
areas were further defined by supplementing this data with such maps as the 
Hydrogeologic Investigations Atlas [12], Tectonic Map of North America 
[13], and Shaded Relief of the U.S. [14). Even though variability exists 
within any one of the regions or subregions, and they do not account for 
local water availability such as in alluvial valleys and other locations, 
they do show regional differences regarding characteristics of quality, 
quantity, depth to water, and required well field size. 

5. ENVIROh'MENTAL SUITABILITY ANALYSIS 

The overall goal of this study was to provide- information about the 
impact of siting criteria, especially demographic criteria, on land avail- 
ability. To determine this impact and identify potential siting areas for 
nuclear power plants, a suitability analysis was first conducted and was 
based on the environmental criteria. As the data structure diagram (Figure 
1) shows, the costs of seismic hardening, site preparation, and water 
availability were combined into an environmental suitability file. The 
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restricted lands file was then added to result in a map file indicating J 

availability of land and showing levels of environmental suitability. 

{ 

The suitability analysis proceeded as follows: an evaluation of each 

issue map was made independently to determine those areas that are more or 
less suitable for plant location; the issue maps were then overlaid, i 

forming a composite that considered all issues simultaneously. The evalua- ; 

tion of each issue independently was accomplished by defining a utility 
function for each issue such that the characteristics of a specific site • 

area could be translated into a value on a defined suitability scale. This ' 

was a numeric scale, ranging from 1 to 9, \diere 1 was the lowest level of ] 

suitability and 9 was the highest. j 

To create the composite suitability map, the three utility value map files 

were added together and the resultant map contained cells with values 

ranging from 4 through 25 — each value having a different frequency of 

occurrence. The distribution of the composited utility values was divided 

into five intervals such that each interval characterized an equal amount • 

of land area — approximately 20 percent of the area available for siting. ' 

The result is shown in Figure 2, 

When the three maps were overlaid, each carried an equal importance weight- 
ing. It was felt that the reconnaissance nature of this study — not being 
a site-selection — as well as the broad-scale representation of environ- 
mental data did not justify a more sophisticated manipulation of files. ! a 
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With better dnta, however, it would have been a simple matter to weight or 
rank each of the issues and derive a weighted overlay. 

To quantify the impacts of various siting criteria, tables were prepared 
which used the data files created during the visual or map analysis. 
Statistics regarding the amount of area in eacli data category were computed 
for each of the ^8 states, and an example of a portion of one of these 
tables is shown in Table 1.* The numbers in each column indicate the 
amount of land in the specified category. The area is shown in square 
miles as well ns percent of the total state area. 


6. DEMOGRAPHIC ANALYSIS 

All of the demographic criteria investigated and mapped were done so at the 
request of NRC and Sandia. The reasons for choosing specific values to 
represent annular area, density threshold, and sector width related to the 
results of reactor accident consequence calculation performed by Sandia as 
an integral part of this study. 


6.1. Stand-Off Zones 

Table 2 shows the 13 stand-off zone maps that were created: 


*Due to space limitations, only portions of computer output tables are 
presented in this paper. However, the majority of maps and t.ables pro- 
duced can be examined in NUREG/CR-2239 (scheduled for publication in 
September, 1982) or by contacting the author. 
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TABLE 2 

STAND-OFF ZONE CRITERIA HAPS 


SIZE OF 
URBAN CENTER 


25,000 
100,000 
200,000 

250.000 

500.000 

1 , 000,000 

As an example. Figure 3 shows a stand-off zone criterion of 25 miles from 
population centers of greater than or equal to 100,000 people. It should 
be noted that the location of urban centers was identified by a single 
point corresponding to the city center. Stand-off zone criteria are based 
on a specified distance from that point — not from the edge of the urban 
population. To ensure the effectiveness of stand-off zone criteria, one 
must assume a relationship between the magnitude of the metropolitan 
population and the size of the area it occupies and increase the stand-off 
distance accordingly. 


MAPPED STAND-OFF 
DISTANCE (in miles) 

5, 10 
10, 15, 25 
25, 30, AO, 50, 100 
12.5 
18 
25 
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Annular Population Density 


A wide variety of population distributions based on density were studied 
for their impact on land availability. Densities v/ere calculated for 
annular areas shaped as both circles and rings. The matciK shown in Figure 
4 indicates the simple map files that were produced regarding annular 
population density. 

In addition to calculating and mapping the impacts of these individual 
demographic criteria, combinations were created to produce files repre- 
senting composite population density criteria. The first such of these was 
produced for t!ie 2- to 30-mile annulus, which represents a large orea — 
approximately 2,815 square miles. If a single density threshold, for 
example, 500 people per squre mile, were established for the area, a total 
of 1,407,500 people would be allovied within the annulus. Because annular 
population criteria did not consider the distribution of population, this 
threshold possibly could have allowed a large portion of the population to 
be located relatively close to the center of the annulus, creating an 
unsafe situation. Or perhaps, several highly dense concentrations of 
population might exist at critical distances from the center. Identifying 
these areas was an important safety objective. 

The method devised to overcome this potential problem considered thresholds 
at a variety of radii which were then composited. Using the example of 
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mapping any cells that exceeded the 500 persona per square mile threshold 
for the 2- to 30-mile annulus, density calculations were made for six 
portions of the annulus. First, any cell that exceeded the 500 persons per 
square mile threshold within the 2- to 3-mile annulus was recorded. Next, 
unsuitable cells in the 2- to A-tnile annulus were recorded. This process 
was repeated for the 2- to 5-mile, the 2- to 10-milc, the 2- to 20-mile, 
and the large 2- to 30-mile annuli. These six individual files were then 
added together, creating a file in which a cell that was shovm to be 
unsuitable in any of the six was also considered unsuitable for the 2- 
to 30-mile composite annulus. In this manner, data files ware created 
for the 2- to 30-mile composite annulus applying the following density 
thresholds: 

o 250 persons per square mile; 
o 500 persons per square mile; 
o 750 persons per square mile; 
o 1,000 persons per square mile; and 
o 1,500 persons per square mile. 

Besides creating a composite map file for a particular annulus (such as 2 
to 30 miles) and a particular density (such as 500 persons per square 
mile), another type of composite was created. This consisted of tv/o 
separate annuli — each with its ovm given population density threshold. 
Above, for example, six individual data files were added together to create 
the 2- to 30-mile composite annulus. Hov;, a different annulus with a 
different population density threshold was added to the 2- to 30-mile 
composite annulus, thereby creating a much more complex data file. Six 
different combinations of density thresholds for the 0- to 2-mile annulus 
and the composited 2- to 30-mile annulus (consisting of the addition of six 
separate annuli) were created and are shown in Table 3. 


TABLE 3 

COMPLEX COMPOSITE POPULATION DENSITIES 


0 TO 2 MILES 


2 TO 30 MILES 
(composite) 


250 

500 

500 

750 

750 

1,500 


Figure 5 is an example of applying both a 100 persons per square mile 
density threshold within the 0— to 2— mile annulus and a 500 persons per 
square mile threshold in the 2- to 30-mile composite annulus. 


£ 
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6.3. Sector Population Density 

Composite criteria had been developed as a solution to population con- 
centrations located near the center of an annulus. However, results of 
reactor accident consequence calculations at Sandia indicated that certain 
risk characteristics depend strongly on the maximum niriber of persons 
within any given direction sector. Therefore, the NEC considered criteria 
regarding the maximum allowable population within sectorn in addition to 
total population surrounding a site. The impact on lend availability was 
examined for alternative sector criteria and compared to the impact of 
uniform density criteria. 

Sector criteria were stated in terms of allowing up to a particular frac- 
tion of the allowed total number of people to be located in any sector of a 
particular width. For example, a sector criterion might be stated: up to 

one-sixth of the people allowed by a uniform density of 500 persons per 
square mile can be located in a 45-degree sector within. 30 miles of a 
site. 

The NRG requested that the impact of sector criteria be irrvestigated with 
regard to several variables. The parameters were: 

o Distance: radii of 2, 5, 10, 20, and 30 miles Cthese were all 

composited witJiin the 0- to 30-mile annulus); 
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o Sector width: 22,5, A5.0, and 90.0 degrees (360 degrees for 

unifonn density); I 

i 

o Fraction: 1/16, 1/8, 1/4, 1/3, and 1/2 the population allowed by I 

uniform density; and ; 

o Density: ;^50, 500, 750, and 1,500 persona per square mile. | 

Population counts were determined within 2, 5, 10, 20, and 50 ni?es of | 

potential sites (grid cells) and within sector widths of 22.5, 45.0, and i 

: 90.0 degrees. The maximum number of persons found in a sector of a stateo ! 

width for a particular radius was recorded. Alternative criteria were then i 

applied to the count data on the basis of allowing a certain fraction of ! 

the total number of people allowed within the circle (by a density thrts- i 

hold) to be located in any sector. Being consistent with previously > 

computed impacts, the impacts for rector criteria for any particular ' 

density or fraction were composites of radii out to 30 miles. ! 

Sector criteria were of interest to the NRC regarding their impact on land ! 

: availability above and beyond that already affected by uniform density 
criteria. To depict and quantify this information, tables were created to ! 

show the amount of land available/constrained for siting in each state if a f 

particular sector criterion were established. As an example, a portion of 
one of rhese tables is shown in Table 4. Each table considered a uniqi o 
combination of allowable population density and sector width and showed the j 

impact of alternative fractional criteria as well as the uniform density 
criteria on land availability. ! 
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TABLE 4 


POPULATION SECTOR ANALYSIS - TOTAL U 9 

OENTITY - 500 »/Ra MI, ••• OOuauE SECTOR (49.0 DECS CEO) 

STATE AREAS IN EWJARE MILES AND X OF STATE 


TABULATION 


AVAILABLE LAND 

> I/O ALLOUASLE POP 

> 1/6 AU-OUASLE POP 

> 1/4 ALLCW.ABLE P0i» 

1 > 1/3 ALLOUAB'-C POP 

I > 1/3 allowable pop 


IWIFOBM DENSITY 
I RESTRICTED LANDS 


ALAIAftA 

ARIZONA 

ARKANSAS 

1 0 
3. 0 
3 0 

36499 
91. 31 
47393 
41. 4X 
33910 
63 7X 

J7I8 
3 3X 
494 
0. 4X 
330 
0 6X 

3937 
7 6X 
1313 
1 IX 
4304 

e IX 

9193 
10. OX 
1399 
1. IX 
3799 
9 3X 

9893 
II . 3X 
1391 
1 3X 
2499 
4 . 7X 

3146 
6. IX 
1187 
1. OX 
1379 
3. 6X 

3339 
6 4X 
3036 
1 OX 
1796 
3 JX 

3079 
4. OX 
99109 
93 OX 
6363 
It. 8X 

91908 

11434? 

93398 





— 







weST VIRGINIA 

4A 0 

10673 

174 

3374 

3606 

3963 

1139 

1467 

3731 

34107 



44 . 3X 

0. 7X 

9. 0% 

10 ex 

13. 3X 

4. 7X 

6. IX 

11 3X 


WISCONSIN 

47. 0 

31334 

689 

9433 

49^3 

3648 

3403 

3900 

9039 

97032 



99. OX 

I. 3X 

9 . 9X 

B IX 

6. 4X 

4.2X 

6 9X 

8 6X 


WYOniNO 

40. 0 

70333 

0 

743 

940 

9C3 

33Q 

409 

39339 

979S6 



71 7X 

0. OX 

0. OX 

0. 6X 

0. 9X 

0. 3X 

0. 4X 

39 7X 



17419^ 

38968 

149937 

136449 

140331 

91499 

177169 

997673 


total 


98. OX 

t OX 

4 ex 

4 9X 

4 bZ 

3. OX 

9 RX 

19 3X 
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Table A has been formatted such that the numbers in the columns represent 
the amount of land that is uniquely constrained by Che specified criteria 
a.id the columns are arranged so the total magnitude of constrained land 
decreases from left to right. The left-most column, "Available Lend," 
shows the amount of land considered available for siting if the criterion 
stated in the adjacent column were applied; that is, no more than one- 
eighth of the population allowed in the annulus (composite of 5 radii to 30 
miles) at a density of 500 people per square mile can be located in any 
45.0 degree sector. The right-most column, "Uestrictcd Lands," shows the 
.amount of land constrained by being either legally protected or a major 
wetl.and. (No demographic criteria affect these numbers.) 


The numbers in each of the middle columns show the amount of land that is 
uniquely constrained by the specified "fraction" criterion. This magnitude 
of constraint is above that already constrained by the total of all columns 
to its right. The column, "Uniform Density," shows the area constrained by 
applying a simple density threshold, regardless of sector distribution. 


7. COhl’ARlSON OF IMPACTS 

The data structure diagram (Figure 1) graphically shows the ultimate 
information product of the study to be an analysis of the combined impacts 
■of environmental suitability and demographic criteria on the availability 
of land for siting nuclear power plants. While the overlay of transparent 
maps provided a quick look at potential land availability, the combination 
of a map containing six levels of environmental suitability, when o' "laid 
witlt a variety of population criteria, produced numerous groupings i Rta. 
■To clearly illustrate the combined effect of various siting criteria, 
tabular statistics were produced. 

To quantify these data, five population cases wore first defined on the 
basis of complex composite annular density criteria as shown in Table 5. 

TABLE 5 

COMPLEX COMPO.SITE POPULATION CASE.'? 


POPULATION 


2 TO 30 MILES 



CASE 

' TO 2 MILES 

(composite) 



1 

100 

250 



2 

250 

500 



3 

250 

750 



A 

500 

750 



5 

500 

1 ,000 


The mirahers in 

the columns 

undorne.ith 

the specified annulus represent 

popul.'ition deiisi 

!ty thresholds 

;. Note that 

the 2- to 30-mile annulus 

wns n 

composite data 

file; that 

is. six different annuli were analyzed 

at a 


specified densitv tliroshold and the files were added together. Population 
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Case 1 woa the moat conatraining an it applied the lowest density thres- 
holds; while population Case 5 was the least conatraining. 

As in the case of most di?tr>ographic criteria, tables were created in tw 
different formatn to show the meximum amount of information clearly. 
Tables 6 and 7 are examples of portions of these tables. 
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Table 6 shove the comparieon betwen the environmental suitability levels 
and population Case 1. The statistics indicate the amount of land in each 
of the five environmental suitability levelo that would be available for 
siting nuclear power plants if a given set of population criteria; e.g., 
population Case 1, v»ere applied. In addition, the numbers in the columns 
labeled "Density Restrictions" show the amount of lend uniquely constrained 
by the given population ccse. The numbers in the column "Dens & Land 
Restrict" indicate the amount of land constrained by both the population 
criteria and the restricted lands (legally protected or major wetland) 
designation. Thus, the total amount of land affected by a given population 
case would be equal to the sum of these two columns. 

It was found that the application of any population case as demographic 
siting criteria had its greatest impact on land in the high environmental 
suitability category. In fact, the impact usually increased as the level 
of suitability did. This is not too surprising as residences and power 
plants are both engineered structures and share similar requirements. 

To illustrate the effect of applying alternative population criteria (the 
five population cases) on the availability of land within each environ- 
mental suitability class, statistics such as those presented in Table 7 
were produced. The numbers represent the amount of land available for 
siting nuclear power plants in a given environmental suitability class as 
well as the amount of land uniquely constrained by each of the five popula- 
tion cases. The columns representing population cases have been arranged 
such that in moving from left to right, the stringency of the criteria 
decreases. The left-moat column of the table., "Available Land," shows land 
that is available for the given environmental suitability class (in this 
case — high) even if the most stringent population criterion (population 
Case 1) is applied. The second column "Population Case 1" represents an 
additional amount of land considered available if that particular popula- 
tion criterion were relaxed, which would also imply the application of 
population Case 2. Similarly, the next column "Population Case 2" repre- 
sents the additional increment of land available if the criteria for 
population Case 2 were also relaxed and population Ccse 3 were applied. It 
follows that if no population criteria were established, the amount of land 
available in a particular environmental suitability class would be equal to 
the total of the first six columns in the table; Che only land considered 
constrained would be that by a restricted lands designation. The numbers 
in the column "Other Sui tabil it ies" show the amount of land existing in the 
four environmental suitability categories which are not specified in the 
title of the table. 


8. CONCLUSION.'? 

The analytical methods ured in this study were designed to explore the 
impact of various demographic siting criteria on the availability of land 
considered suitable for the siting of nuclear power plants. Haps were 
created so that impacts could be easily visualized and tabular statistics 
were prepared to allow more rigorous analysis. 
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The determination of land considered suitable for siting was accomplished 
through multi-objective environmental suitability analysis. The analysis 
was performed using factors generally related to engineering costs as well 
as conservation of specific resources. Because this investigation con- 
cerned the entire A8 contiguous United States and was not a site-selection 
project, environmental factors were analyzed at a relatively general level 
of detail and were each considered to be of equal importance. However, the 
capabilities of modern geographic information systems would have allowed 
the production of perhaps more significant results and sophisticated 
analysis if better data were available. 

The most suitable areas were characterized by an adequate water supply, 
low seismicity and gentle topography as well as an absence of protected 
resources. Although the map of environmental suitability (Figure 2) shows 
the eastern one-half of the country to be more suitable than the western, 
it is felt that there are numerous suitable sites available in the western 
portion. 

Three types of population criteria were investigated: stand-off zones, 
annular density, and sector density. The effects of stand-off zone cri- 
teria are straight-forward. There is a direct relationship between the 
stand-off distance and the amount of land area constrained. 

The analysis of annular density thresholds showed that the use of smaller 
radii to define the annulus resulted in constraints on both large and small 
urban populations as well as some locally dense rural areas. Larger radii 
tended to constrain a greater amount of urban population, but only around 
major cities; small urban and rural areas wore not constrained. These 
findings led to the use of complex composite criteria in which different 
thresholds were applied to a variety of annuli and the results of all 
constraints were added together to form one map file. 

Because results of reactor accident consequence calculations indicated 
that certain risk characterise ics depended strongly on the maximum number 
of persons within any given direction sector, sector population criteria 
were designed. Their impacts were investigated to determine the amount 
of land area that would be constrained additional to that affected by 
annular density criteria. It was found that the effects of sector criteria 
occurred in the same areas and adjacent to those of annular densities. 
Also, the area of impact responded to changes in annular radius the same as 
for annular density criteria. For this reason, all sector criteria were 
complex composites of different thresholds and radii. 

Transparent overlay maps and tabular statistics were provided to the U.S. 
Nuclear Regulatory Commission for use in establishing siting criteria j.4iich 
would be numerically based upon population density, distribution, and 
exclusion distance. Using both a map overlay procedure and a comparison of 
statistics, it was found that the greatest impacts of demographic criteria 
^ occur in the areas of high environmental suitability. 
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Demographic critorin have not yet been established by NRC. Thus, the 
impacts described in this report are considered to be contingent upon 
future siting rule-making. Wliat h.'s been shown .are the results of an 
"if-then" exercise. The study illustrated that geographic information 
systems are capable of efficiently performing sophisticated and detailed 
analyses for large regions. The avail.nbility of data appcara to be the 
most significant overall limitation to such studies. 
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{ 

ABSTRACT • 

This paper reviews the use of multidimensional optimization methods \ 

in solving power plant siting problems, which are characterized by sev- ] 

eral conflicting, noncommensurable objectives. After a discussion of data \ 


requirements and exclusionary site screening methods for bounding the de- i 
cision space, classes of multiobjective and goal programming models are i 
discussed in the context of final site selection. Advantages and limita- | 
tions of these approaches are highlighted and the linkage of multidimen- ) 
sional methods with the subjective, behavioral components of the power | 
plant siting process is emphasized. i 


1. INTRODUCTION 

Although most regional power plant siting or planning decisions have 
traditionally been at least partly based on analytical methods [lA] [50] 
[38] [A7] [3], the use of formal multidimensional methods — principally 
multiobjective mathematical programming and game theory — have gained pop- 
ularity in recent years [31-34] [11-13] [16] [19] [1] [56]. This is not 
surprising, considering the growing acceptance of multidimensional 
methods in the field of operations research and the numerous planning ap- 
plications [15] [16] [45] [49] [57] [61]. 

The purposes of this paper is twofold: (1) to update and broaden 

the Hobbs [31] [32] survey and critique of multiobjective decision 
methods for power plant siting, giving more attention to goal programming, 
and (2) to speculate on the possibility and promise for multidimensional 
programming approaches to power plant siting problems in the future. 

The next section of the paper discusses the nature of power plant 
siting data and the issue of site-suitability scaling. This is followed 
by a review of common exclusionary site screening methods and a more de- 
tailed section on site selection algorithms. A final section presents a 
summary and some conclusions of the paper. 

2. THE NATURE OF SITING DATA AND SUITABILITY SCALING 

A large and diverse data set may be important in power plant siting 
analyses. One role of the siting team is to reduce the data base to the 
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most important siting factors. The data can then be ordered hierarchi- 
cally to streamline the siting analysis. For example, water availabil- 
ity might be followed in importance by local population density, air pol- 
lution impacts, water withdrawal rate, etc. Doing this can ensure that 
the most important siting factors will be considered if some factors have 
to be neglected due to locational constraints. 

Power plant siting data are expressed in noncommensurable units, en- 
compassing engineering, economic, social, and other physical dimensions 
on all measurement scales. For example, population density might be ex- 
pressed in inhabitants per square mile, while transmission distance would 
be expressed in miles and water withdrawal rate would be measured in 
cubic-feet per second (cfs) . Comparing and amalgamating such diverse 
data in site-suitability (or desirability) terms is extremely difficult, 
especially when it is necessary to transform the data to a lower measure- 
ment scale to make it commensurate, which will often improve decision 
making. 

Most of the important siting data are available and standardized on 
the ratio scale of measurement, and are fairly reliable over a small time 
horizon. Nevertheless, important information may be lost in the trans- 
formation process, and siting analysis can be based on the original phys- 
ical data. If site-suitability scaling is undertaken, it is often de- 
sirable to have suitability data expressed on the interval scale so that 
basic arithmetic operations can still be performed. However, a siting 
factor that is ratio-scaled with respect to a physical characteristic 
(e.g., water withdrawal in cfs) might be only ordinal-scaled with respect 
to suitability (a flow below 200 cfs is inadequate, but above that is 
sufficient). Although ratio-scaled data might be more meaningful to the 
analyst, it is usually not necessary for siting purposes since this re- 
quires an extra step, and only the power law site-suitability amalgama- 
tion method requires ratio-scaled data [28]. 

Interval-scaled site-suitability transformations usually Involve 
indifference analysis. In one approach, the decision maker is asked to 
compare alternative sites that have different levels of two impact and 
site characteristics, per siting factor. When different sites with dif- 
ferent factor levels are equally preferred, decision maker desirability 
levels eventually can be deduced. 

Fishburn [2A] and Hobbs [31] review several alternative methods that 
can be used for suitability scaling. Most of these methods do not ac- 
count for possible uncertainty involved in Impact and site characteristic 
assessment, or risk in successfully obtaining the desired site. It is 
possible to use the lottery method of decision analysis for the latter 
purpose [27], although it has been found that people do not follow the 
necessary principles of probability theory in judging the likelihood of 
uncertain events [54], If this approach is taken, a few important as- 
sumptions must hold true for the analysis to be valid, such as the prop- 
erty of utility independence between lotteries for different siting fac- 
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tors. However, It Is likely that this assumption will be violated in 
most facility siting problems. This would Invalidate both decision anal- 
ysis and other amaly,amatlon metliods for power plant slcinji, since all 
methods that reduce site-s\jltahility to a scalar ituike such restrictive 
assumpt ions . 


3. EXCU'SIONAKV SITE SCKEENlNc; NETHOllS 

The enerf’v facility sitinp, process is characterized by a series of 
location constraints, both land use restrictions established by >;overn- 
ment regulation, and financial and production constraints confronting the 
siting team. These restrictions correspond to conventional constraints 
in a matliematical progranmilng problem, and usually can be represented by 
interval-scaled data simply as 

Hx < b or Bx > b (la) 

and X > ('b) 

where B is a matrix of order N x 1 (l.e., the constraint set contains N 
side conditions for I decision variables), x is a vector of decision var- 
iables, X|, X 2 , xj, and b is a vector of N x 1. Such constraints 

might Include allowable population density, thermal pollution of a water 
source, water withdrawal and consumption nates, sulfur oxiile emission 
rate, energy resource supply and demand, traiismlsslon distance, etc. 
Niimlnal or ordinal constraint data, such as seismic activity level rat- 
ings iir national ]virk restrictions, can often be converted to the inter- 
val scale, but when this is not possible nominal and ordinal data still 
nt»y be used for site screening (without the aid of a Ci'mputer algorithm), 

'IVo general methods are available f«>r excluslt>nary site screening, 
which can bo used for all common levels of data measurement. Tlu' lexico- 
graphic metlu'd considers consiralnts by means of a decision maker- 
determinoil Impi>rt.inee hierarchy, while the conjunctive method considers 
all constraints simultaneously. 

J.l. hexlcographic Ordering 

Tiie 1 ex i cograpii Ic ordering method allows the siting te.im to consider 
constraints in a decreasing hler.irchy of importance |3,SI. Thus, an Im- 
portant site constraint such as water av.tl lab i 1 Ity might be fol lowed i’i 
Importance by local popul.itlon density, air pollution impact, thermal 
water pollntli’n Impact, etc. This method ensures that tlie most import.int 
siting constraints are met and, it desired (for sensitivity analysis), 
lower priority constraints can be neglected if they actually are non- 
binding (e.g., transmission distance). Tl>e neglect of lower priority 
constraints often mav be deeru'il nece.ss.iry if few or no sites survive tlie 
higher level screenijigs. An alternal.ve approach is to consider s.evere 
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site limitations as a rationale for technological change, where possible, 
such as for more effective (albeit costly) pollution control devices, 
which requires interaction with decision makers. 


3.2. Conjunctive Screening 

Conjunctive screening methods make no discrimination in Importance 
between the siting constraints, although again, if desired, some of the 
constraints can be ignored for each site. The full or reduced set of 
siting constraints are then considered simultaneously, which results in 
the same group of acceptable sites as the lexicographic method when all 
of the same constraints are considered. This is because neither method 
distinguishes between the sites that survive the screenings, bat only 
serve to bound the final decision space. These general methods have been 
used to evaluate alternative geothermal energy sites for land related im- 
pacts (46) and to evaluate electric power plant location patterns (13) 
(22) [351. 

4. SITE SELECTION ALGORITHMS 

Two major classes of multidimensional site selection algorithms can 
be Identified: multiobjective matliematical programming and goal pro- 

gramming (Table 1). Multiobjective programming, the least understood 
and more recently developed of the two, was pioneered by Marglln (42) 

(43) and Major [41] in the context of water resources planning, and ac- 
tually refers to a class of analysis and algorithms. It lias been pro- 
posed and used for power plant location analysis (not siting) [11] [19] 
[56] and critiqued by several reviewers [18] [31-34] [12]. 

Goal programming was developed by Charncs and Cooper about 1952 
(also [6]), formally recognized in 1961 [4], and is now considered a sub- 
category of multiobjective programming methods. Although goal pro- 
gramming has never been applied to power plant siting, it has been super- 
ficially explored in a power plant siting framework [50] [55]. There ap- 
parently is some proiuise of utilizing such methods for siting problems, 
especially in the form of a "satisficing" model or goal interval pro- 
gramming, also attributed to Charnes and Cooper [4]. 

Both multiobjective and goal programming have been developed for 
problems where unldiraensional decision criteria does not reflect actual 
decision making processes, such as in power plant siting. Goals or ob- 
jectives are recognized as noncommensurable and optimizing one objective 
function, such as for air quality, usually results in a different site 
than when optimizing for another objective function, such as for trans- 
mission distance. The purpose of the following discussion is to examine 
the utility of these two related classes of multidimensional optimiza- 
tions for power plant siting problems. 



Table 1 


Classes of Multiditaensional Site Selection Algorithms 


Class of Algorithm 

Pioneer(s) 

Field of 
Origin 

Past Applications 
to Power Plant 
Siting Problems 

Potential Use in 
Power Plant 
Siting Problems 


Noninferior Curve 
Generating Tech- 
niques or Efficient 
Programming 

Marglin [42] [43] 
& Major [41] 

Water 

Resources 

Several 

High 

2 P 

Preference Weighting 

Geoffrlon [26] 

Operations 

Research 

Few 

Medium 

-a o 

o 5 
OS 

Multiple Decision 
Maker Amalgamation 

Dorfm-in & Jacoby 
[23] 

Water 

Resources 

Few 

Medium 

^ f— 

O ’0 

o 

Goal Programming: 
Classical Model 

Charnes & Cooper 
(circa 1952) 

Management 

Science 

None 

Low 

C •'*1 

^ 47 

Goal Programming; 
Satisficing Model 

Charnes & Cooper 
[A] 

Management 

Science 

None 

Medium if goal targets 
can be specified 


Goal Interval 
Programming 

Charnes & Cooper 
[4] 

Management 

Science 

None 

Medium if goal inter- 
vals can be specified 


Hierarchical 

Programming 

Charnes, Cooper 
Sr Niehaus [8] 

Manpower 

Planning 

None 

High for multilevel 
analyses 
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4.1. Kultlobjective Progratranlng 

The multiob jective or vector optimization problem can be stated 
simply as: 


Max Z(x) = [Z^(x), Z^Cx), . . 

Zp(x)] 

(2a) 

X G K, 


(2b) 


where Z(x) is a p-dimensional objective vector encompassing the succes- 
sive decision criteria, and K is a set of feasible solutions to the opti- 
mization problem. 

At least three groups of multiobjective programming algorithms can 
he applied to power plant siting [16]: noninferior curve generating or 

efficient programming methods, preference weighting, and multiple deci- 
sion maker amalgamation. A fourth approach is hierarchical programming 
[8] [21], which is only applicable tc multilevel analyses since land must 
be treated in a nested fashion for the technique to work. 

Noninferior curve generating techniques . Noninferior solutions to 
the multiobjective problem are ones that are feasible but are not "domi- 
nated" by other feasible solutions on one objective. That is, where 
= Z 2 ^\, ...» Zpy^) is an ordered set of solutions ii. attribute space 

to the P separate objective functions comprising alternative site A, Z^ 
is noninferior if there exists some Z^^^ > , i e {l, 2, . . . , P) and 

Zj^. is the set of all other solutions to the Zj^ objective function. By 
definition, an alternative site is noninferior if it has at least one 
unique objective function solution which is maximal to all other alterna- 
tive feasible solutions, per Chat objective. 

Also known as efficient programming, these techniques generate 
multiple solutions to the optimization problem. If two objective func- 
tions can be considered at a tiiae, the noninferior set corresponds to 
the curve in Figure 1, where alternatives inside the curve are inferior. 

In this example, two noninferior sites exist, sices E and H. The 
convexity of the curve indicates diminishing marginal returns in trade- 
offs between the two objectives. The process of curve generation is re- 
peated with the other objectives, and the logic can be generalized to the 
n-critcria case. The result is a set of noninferior sites, and the 
curves supply decision makers with trade-off Information among sites on 
the curves for the sets of objective functl.ons, which is used to estab- 
lish a satisfactory solution. 

Several noninferior curve-generating techniques have been developed 
[11] [17]. These techniques are the most flexible, since siting factor 
preference weights do not have to be determined in advance. But if the 
number of objective functions is greater than three and the number of ef- 
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FIGURE 1 

Tlie Konlnferior Curve of Energy Facility Sites 



(Objective 2) 

ficient solutions is large, decision makers will have major difficulties 
in visualizing the trade-offs, which may make these approaches impracti- 
cal. A method to use the efficient programming solutions to articulate 
decision maker preferences (by involving them in the analysis) is known 
as interactive or compronise programming. Hafkamp and Nijkamp [29) use 
an adjusted version of Zeleny's [61] interactive method of displaced 
ideals for an economic-environmental trade-off problem, while others [58] 
suggest the use of interactive programming for power plant siting. These 
methods are actually a cross between efficient programming and preference 
weighting, and should be categorized with other iterative techniques [16] 
[49]. 

Preference weighting . Preference weighting methods, often referred 
to as multiple criteria utility assessment, addresses the problem of 
amalgamating noncommensurable objective function desirability levels more 
directly, to explicate the relative value of changes In factor desirabil- 
ity levels. In general these methods are less computationally intensive 
than generating techniques, since not all of the noninferior set is ex- 
plored [16]. Preference-oriented methods can be used to provide decision 
makers with sensitivity analyses of alternative preference functions. 
Although a very large number of such methods exist, they can be categor- 
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ized as either decision nmker-revealed or observor-derived. All of these 
metliods attempt to reveal decision maker preference functions between 
siting factor desirability levels. Oiu-e this is accomplished, n nonln- 
ferlor solution can be lound as the preferred alternative, which la known 
jia the beat-eon promise solution, 

A j;ood summary of decision maker-revealed, or client-explicated, 
techniques can be found elaehwere [331 13A1, The most popular methods 
include ranking, categorization, rating, ratio questioning, Saaty's 
metiu'd, Metfessel allocation, indifference trade-off, and decision analy- 
sis. Weighting methods are surveyed and evaluated by Hobbs [31] (33) in 
terms of flexibility, ease of use, the use of theoretically valid weights, 
and their poi'ularlty. but once decision maker Indifference curves are 
derived (which realistically are nonlinear and thus have nonconstai.t 
slopes), a choice must be nude between the many forms that a utility 
amalgamation model can take. Decision analysts typically use either the 
weighting summation or pure proiluct utility amalgamation model. Of these, 
the most popular Is the simple weighting summation model, expressed by 
the equation: 

S, - " , VI (3) 

V"l 

4 

where Sj 1:: the sultahlllty score of site I, l\, are the utility levels, v 
are the siting factor object Ives, and W are the preference weights. 

Others liave appl Icil similar si te-su 1 1 ah 1 1 1 ty screening algorithms In 
power plant siting studle.s [35] [22j. Although It Is necessary to use 
Interva 1-scal (.S.I utility levels and ratio-scaled weights, many siting an- 
alysts have Incorrectly used ordinal values In this eqv\atlon [32[. 

There are many c>tlu'r flaws wltli tlie vtelglitlng summation model. Its 
linear fonu Implies that all Indifference curves are linear, which usu- 
ally Is unrealistic. It alsi> assumes that decision makers will be will- 
ing to reveal preference functions without a complete profile of the 
sites comprising the niminferlor set. I’urther, this model assvimes that 
there Is no change In the attitude of a decision maker toward uncertainty 
In a glvt'u desirability level as other desirability levels may vary. 

Wheit the decision maker Is not Indifferent toward risk iiiul uncer- 
t.alnty between desirability levels and the desirability levels are not 
: known with certaintv, tiie pure product utility amalgamation model seen in 
e<iuatIon A Is applicable; 

N 

- {( a (1 + - i}/K, VI (/,) 

V"1 

where K Is a si'al lug constant, chosen so tliat utility ranges from 0 - 1. 

A cl\olce between tlie form of the utility amalgamation model can be 
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wrtilt' by (bo uho vtoi't«lou a«.-vlyHlt». When tbo liuU t I'orouv'o oiu'vom aro 
I'ov'onul aoil as lu'ulluoac, th«* wj'l.nht of oa»*b objoot Ivo futu't U*ti wiist bo a 
fnuv'l Ion ol (bo othors a»ul thus rat to-soalod. IT this iloos m*t noonr, 

(bo awatnamat Ion vrooodnio hv»v juovIv\oo biased vosullo. Altbonjilj Us as- 
snmjw loi'.s ar«' more roallstio and api'l (cable to slt(i\n problems, tl\o pure 
piwluv't vwodel Is less popnlar with laclllty altera dne to Its more e»>m- 
plex lorm and rel lance upon decision analysis. Fortunately, It baa been 
demonstrated that In practice (be resinlts ot tbe two most popnlar l\'rma 
of tbe utility amal i^amal Ion movlel rarely differ lU) (SO). Tlins, the use 
of tbe simple weli^btlni; snmmat Ion model la probably Instilled. 

Observer-derived melbods c.-in be nsis! when It Is lmpv>sslble to derive 
decision maker »>blectlve prelerences otherwise. An overall site evalua- 
tion scale still may be determlvred, which can be rep.ressed on the deslr- 
:.abllltv levels fi'r each ol',|«*ct Ivc? fnnet ton at that site, tor all sites. 
Thi' param«‘ter t^st (mates for e.icb object Ive bect'me the preterence wel>;hts. 
A lai'ne nnmber ot site «’valnat Ions wnsl be mavle In order tor llu> ttutU Iple 
r«^}iresslon pi'oc«‘dur«' to work and be nsetul. This ile tacti* appii'acb to 
preterence weight ln>;, also known as the p»>l lev capturing techniijiie, has 
bi'on r ec»>mm*M\ded lor ^•valnattv\g lactors In transmission line renting 
studies I U) I . I'm ort nnat ely , ibis appriwich w 1 1 I ns't necessarily give tbe 
same ■ resn 1 1 s as those I't decision maker-revealetl uuMhods, will prob.tblv 
Isntfer frv'm blgb mu 1 1 Ico I htear 1 1 v , and may not be vi*rv tellable. lt\>ieed. 
It bas bci'n sbowit th.it ileclslon maki'r -revea leil metbvwls nsti.illv \>erl»'im as 
well .as tbi^ regression iiu'thod, evtai though the latter metb^wl tbe^'retl- 
cally sbonld pertoim bettt'f ( to ) . 

Mu 1 1 ip 1 e >l.‘c I s ion makc>r aiiwt 1 ^amat Ion. fbe .amalgamation ot mtiltiple 
decltilon maker preterence:;, whetb«‘r within a single t'lg.anl^.at Ion or I r*'m 
.several c»'i\t I let Ing Inli'it'st gfintps, l:i t IwHight to be the most complex 
and l«'.asl nnderstv'od cla::s ot mnl t lobject Ive \>r»'grammlng a I g><r 1 1 bm:t . I'be 
mctlu'ds Inc ln\le lecbnliine;; lor the .aggregation I't mnlllple pieltMence 
orderlttg.s Inti’ .a :;lngle ordering, metbv’ds ti» ci’nnsel .a sltigli* decltilon 
m.aker, mt'lln'd.s tor tin' I’liallctlon ot pi’llllc.al onlcomes I ii’m .a dei'l.sU’n 
pi oce:.:;, .and the melluxl i>t Iiu/.v s«'ts. 

iggregat K'n tts'linUpies .ai«* a maji*r f»>cns of wt'ltatv iVi’iiomlcs, as 
well as I'l iwil lieaii.it li'.i 1 pt e’gr.imm Ing, .’ta.aty's (‘>11 analvtlc bie-rarcltv 
pre'Ci’ss bas b«'»'n e-xleaided .and spplUal to pe’wer plant •:i 1 1 Ing b.aseil on the 
v'b|e«'tlves and Int Ivuavce' >'t a set of reglon.al pol I I'vmaken I .' ) • Most en- 
ergv t.icllltv siting .in.alvsi':; involve eltbiM .a l i‘w or .seveMal dtvlslon 
m.akiM's within one' e'r;',.anl .-.at li<n. I'he lwi> tm'st pe'pular gti’iip t e'e'hn I nne:i 
lor amal g.am.at Ing ln.tlvlelu.il pi e't e'l cuces, althi'ngb nv't \'V'e'g\ .ammlng alge'i - 
;lthm:i, .ate' the' I'e'Ipbl me'tbe’el .luel the' n.emlnal gre’U|’ t e'e'hn le|ui' l.’OI- 

I'be' laltei metlie'et h.as be'e'u applle'el te> I'.’We'r pl.ant siting I'o) | , whicli was 
inie'et t e> eli'llve' l.ee'te'l p le' t e'V e'lW e' Wi'tgtltS te'l a el.lt le'll.ll Site' .'le' r e'e'n I el;', 

:U llelv 1 t‘’I. It alse sbe'ei 1 el be' p,'.aslble' t e> .lel.lpt e' I te'lll -e'xpl le'at e'el 
me't lle’el;: tli.ll e'll:lli li' '.'.lllel V.'e'lgbt:; t e> gle'eii'::. 

t'e'ntiarv te’ the' .IggI e'g.lt U'lllSt vte'W\'.<lnt , Ce'linse'llng me't he'd:; .l:!sume' 
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that only the declalon nakors can- define the overall interest, tind it Is 
Incumbent upon tlu'm to do so. The role of the analyst Is once ap.nin rel- 
egated to that of Information provider, and the mechanistic nggregntlon 
of Individual Interests to derive an overall Interest Is cither extremely 
difficult and unreliable or Invalid. A related approach to counsellnc; 
methods Is bargaining tlieory, wlilch has nride some progress in modeling 
two-participant nuilt lobjoctlve problems l^O], 

The prediction «>f political outcomes Is different from the other two 
anulgamatlon approaches In that It Is a positive analysis, albeit with 
nortiMtlve conscejuenres . Powerful political littorest groups arc recog- 
nlaed for their Influence or control of decision nujklng, and the methods 
; which fall Into this category Include paretlan analysis, game theory, and 
several methods of voting procedures. Although a few applications of 
these methods to power plant siting have been made [27] (531, the useful- 
: ness of these approaches Is highly questionable since utility functions 
and payoff matrices are usually unknown. 

The method of fur.zy sets was developed for decision criteria or con- 
straints that are not sharply ileflned, so that p.irtlal set membership is 
possible [bO]. Although this method is not In an operational stage [37|, 
future applications to power plant siting may be possible. For example, 
this approach could allow for decision maker grouping of alternative 
, sites In terms of their degree of overall acceptability to different In- 
i illvldiials, allhoiigli no clearly superior alternative may ri'sult. 

4.2 (h>al Programming 

The predecessor, close relative and subclass of mult lobject Ive pro- 
gramming Is goal programming. This method has never been appllcil to 
’ power plant siting probK'ms, nu>st likely due to the extreme difficulty 
or Inijioss lb 1 1 Ity of specilying target goals, and the unrealistic penalty 
for ovcrach levcment In the classical model. In adtllilon, Kowe, et al. 

, (50) have explored the use of goal progr.immlng for piiwer plant siting 
and found that the raetliod ofti'u clu'se Inferior sites, and tite results 
were v'ften quite dlft'erent from lliose of other methods. 

Coal programming problems originally v^ere solved by means of lliu'ar 
programming ecjulvalents, althouglt explicit solutions to convex gi>al pro- 
gramming prol>l«'iiis have been developed by Charnes, et ;i I . (7]. Thi't'o 
types of goal programmlitg m.'dels will be examined below: tlie classical 
model, tlic satisficing model, aitd c.oal Interval programming models. 

fhe classical model . The classical mathematical form of the goal 
pri’grammlng prv'bU-m can be staled succinctly as: 
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N 

Min I W JdjP, (5a) 

j“l ^ ^ 

X C K 

subject to the N goal equations 

Zj(Xj) - dj - Vj, Vj (5b) 

vhere Zj(xj) is a j -dimensional goal vector which associates the magni- 
tude of the policy variable, xj, with the achievement level of the goal 
j; dj is the positive or negative deviation from the preferred goal level 
for the jth goal, which Is valued equally; Wj is the weight for variable, 

: X j ; P is a positive parameter, usually 1 or 2; and Vj is the target level 
for the Jth goal. This form of goal programming can be seen as a special 
case of a weighting summation model. It is particularly inapplicable to 
most power plant siting problems due to the equal valuation of positive 
and negative goal deviations; siting attributes are typically ir.onotoni- 
’ cally changing with respect to suitability. 

Since tlie absolute deviation is non-linear in nature, Giarnes and 
' Cooper [A] proposed the linear programming equivalent which requires real 
valued preference weights for the deviation variables. An ordinal rank- 
; ing of goals, also referred to as pre-emptive priorities (391, results in 
the hiorarcliical problem. This problem can handle noncommonsurablc goals 
[9], which would help to make such an algorithm applicable to power plant 
siting problems, at least in a nested, multilevel problem. However, the 
serious problem of specifying target goal and preference weights remains, 
liven if these problems could be overcome, lower level goals might not be 
considered. The use of cardinal preference weights would guarantee the 
consideration of all goals, but this would require tlic expression of 
goals in commensurable units, and returns us to the suitability scaling 
problem. 

The satisficing model and goal interval programming . Tlic satisfic- 
ing or generalized model differs from the classical model in that it only 
minimizes tlic unJoraclilevement of goals. If the target gv^als (and pre- 
ference weights) can be specified, this model would thoii be more appli- 
cable to power plant siting, since again most siting factors are cither 
; monotonlcally Increasing or decreasing with respect to si tc-suitabllity 
(c.g., water availability, .'iquatic ecosystem Impact, cost, popul.atlon 
density, etc.). But again, applications to power pl.int siting have not 
been made. 


Related to the satisficing iiKidel is go;il Interval programming (5) 
[10]. Wiile tlie "goal programming functional" in the single variable x 
reaches Its minimum when x = A in Figure 2, the "goal interval function- 
al" reaches the same minimum value for all A]^ < x < A2. However, the 
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FIGUHE 2 

Graph for Goal Programming 
and Goal Interval Programming Functiona 


f(X) 



slopes of the two different functions, given by Si and S 3 , are the same 
as those for the corresponding goal program; in this case, for which also 
S2 = 0. 

If the goal interval can be set to closely bound the upper or lower 
feasible limit of policy choice x, the solution will converge to that re- 
sulting from several multiobjective programming algorithms. However, the 
implicit assumption that attribute levels within an interval are equally 
desirable is unlikely to be true, and the extra work involved in goal 
interval programming may outweigh the few advantages [31]. Nevertheless, 
if the aforementioned problems common to all goal programming methods can 
be overcome, another interesting avenue of power plant siting research 
will be opened. 


5. CONCLUSIONS 

The power plant siting process is complex, time consuming, and not 
totally amenable to analytical methods. This is due to the great vari- 
ation of siting situations that actually occur, and the important behav- 
ioral role of political negotiation and compromise involving government 
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and interest groups in final site selection. In addition, a facility 
site found through optimization methods may, in turn, suboptimize the 
location of future power plants that have not been planned for [^*^]. 
Thus, there is an important need for a systematic evaluation of the be- 
havior pattern related to this kind of decision making. Further, the 
facility siting process involves siting data that is expressed in non- 
commensurable units, and the need for suitability scaling often discour- 
ages tlie adoption of more systei.uitic siting methods. However, numerous 
multidimensional programming methods have been developed, applied, or 
have promising applications to power plant siting or location analysis. 
These multidimensional methods arc most useful when they arc considered 
as alternative ways to provide decision makers wltli Information at dif- 
ferent stages of the. overall i.itc selection process. 
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AIRPHOTO INTERPRETATION AND THE SELECTION OF A 
POWERLINE RIGHT-OF-WAY IN VERMONT 

Hans Klunder 
Hans Klunder Associates 
Hanover, New Hampshire 

Roger B. Arend 

Photographic Interpretation Corporation 
Hanover, New Hampshire 

In July of 1981, Hans Klunder Associates was retained by the Vermont 
Electric Power Company (VELCO) to find a route for a ±A50 KV Direct Current 
(DC) powerline which would provide a tie between the New England system and 
that of Hydro-Quebec. Early Indications were that the line would be 
carried on wooden H-frame structures about 100 feet high and would require 
a right-of-way about 150 to 200 feet wide. 

The line was to enter Vermont and the United States somewhere between 
Lake Memphremagog and Wallace Pond (Figure 1) and terminate at a yet to be 
constructed DC/AC converter station to be located either at Moore Dan or 
Comerford Dam, both on the Connecticut River. This resulted in a study 
area encompassing approximately 2000 square miles, an area which iiicludes 
almost all of the three counties in northeastern Vermont called the 
Northeast Kingdom. 

Since construction of the line would require about three years and 
Canadian power would be available in 1986, VELCO asked that the preliminary 
plans for constructing the line be ready for filing with the Vermont Public 
Service Board by October 15, 1981 - about three and a half months away. 

In addition to the time and location constraints placed on the project 
by VELCO, there were several other areas of concern for the project to 
consider. Vermont has some of the strongest environmental legislation and 
review procedures in the United States. Prior to receiving a Certificate 
of Public Good (an agreement in principle to construct the facility) from 
the State of Vermont, a utility must prove that such a project, be it a 
powerline or generating facility, will not unduly affect the environment 
and will be designed, in a manner to protect the public health and safety. 
The legislation requires, among other things, that "....the project will 
not unduly Interfere with the orderly development of the region with 
consideration having been given to the recormendatlons of the municipal and 
local planning commissions and municipal legislative bodies." The project 
must not have an undue adverse effect on the. aesthetics, air and water 
purity, the natural environment, historic sites, or the public health and 
safety. 

Because of the competition between flat land for agriculture and urban 
development, the Governor, in 1980, issued Executive Order 52 which re- 
quires justification for any publicly funded or assisted project or one 
regulated by any state agency or board to consume active farms and/or prime 



ORIGINAL PAGE 18 
OF POOR QUALITY 


agricultural soils. Regulations developed by state agencies to comply with 
this Order make routing a powerline through highly oeveloped agricultural 
regions rather difficult. 

Perhaps the most difficult constraint was that which was the most 
elusive, the perception by some that there are health and safety effects 
related to high voltage DC transmission lines that arc not present In AC 
lines. Although this was only a perception or feeling, avoiding concentra- 
tions of population became a major additional objective. While current 
research suggests that there are no inherent effects from high voltage DC 
transmission, to those who believe that there is a problem, no amount of 
evidence is likely to persuade them differently. 

These constraints give an indication that a straight line, or the 
shortest distance between two points, was unlikely to succeed as a possible 
routing for the corridor. Consequently, the following elements had to be 
inventoried by various techniques. Through literature research, historic 
districts and sites, archaeologic sites, land ownership patterns, areas of 
unique biologic and geologic significance, wildlife habitat areas, and 
local zoning and planning, considerations were established. Airpnoto 
interpretation provided data concerning land use, population oislribut Jon, 
wetlands, flood hazard areas, slopes over 15 percent, soil and subsoil 
conditions, depth to bedrock and types of groundcover. A combination of 
literature and map analysis, photographic interpretation and field study 
provided an inventory of the scenic elements of the region. 

Within the frame-work of the project parameters established by VELCO 
and the constraints by the State and other sources, a technique was devised 
to quickly focus attention on those geographic areas which would warrant 
further consideration. This technique, involving rapid inventory pro- 
cedures, identified those areas of major constraints which would eliminate 
them from consideration. 

Immediately upon project authorization, extensive literature research 
on the state, regional and local level was conducted. These included 
sources such as local and regional planning agencies, the State Geologist, 
various state-wide planning studies. Fish and Game publications. Forest and 
Parks data, listings of .mportant natural areas, historic site lists, and 
lists of archaeological sites. 

Probably the most significant contribution in the evaluation process 
was the use of airphoto interpretation. To carry out this task. Photo- 
graphic Interpretation Corporation joined Hans Kiunder Associates. For 
the initial phase, 1:84,000 color infrared (CIR) airphotos were enlarged to 
1:42,000 or 1 inch equals 3,500 feet (Figure 2). These aerial photographs 
were available in the Northeast Kingdom from wetland studies performed for 
the United States Corps of Engineers and the National Wetland Inventory. 
The photographs allowed mapping information on a regional basis for initial 
planning. Land use and land cover, surficial materials, depth to bedrock, 
and general geologic characteristics were readily identifiable at this 
scale. 
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Figure 1. Project Study Location 
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Figure 3. Reduced Scale - Land Use Map ol Northern Half 
of the Study Aron. 


A team was established to analyze these aerial photographs and Inter- 
pret them to develop Information pertaining to land use, wetlands, mineral 
resources, unique geologic areas, excessive slope, high elevations, and 
depth to bedrock. In addition, accessibility to any particular corridor 
via private and public roads was determined through photographic interpre- 
tat ion. 

The initial mapping process Identified land use and cover in fifteen 
relevant, broad categories ranging from forest land to urban areas. Of 
particular concern were those categories which sh.ould be avoided, such as 
■lakes, major wetlands, agriculture, built-up areas, and major recreation 
areas - ski areas and golf courses. Units as small ns five acres rere 
delineated In this effort. Figure 3 Is an example of the land use mapping 
which resulted from this phase. 
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Kl^'.uro H. Uoihu'oil ScaK' - ropulatloa t'lst Unit Ion Map ol tho 
Novtlu'vn Hall' ol the Stiuly Area. 


Ueeause a powerllne is not a thlnn of beauty, ami beeai se it was 
advisable to find a route wbleb avoided dlsturblnj', pei'ple, one Ijclor that 
neeoi'd mapping was population d 1 st i Ibut Ion. For the population distribu- 
tion Indicator, all resldetuial structtires In the .“^tudy Area which couUl be 
Identified on the airphotos were mapped. At the regional scale, it was 
decided that the catcgi'rlcs tor this factor be limited to three. in 

sparsely settled areas it was only uecess.ary to note the location of 
individual residences. in those areas wnero the small scale maile the 
ident i I leal ion ol Individual structures difficult or tmpi'ss ib I e , the area 
waji mapp«'d as a built-up unit aiul Ulentilied .as being prinuirllv periiuinent 
or seasonal, as may be noted in Figure A. 
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Figure 5. Reduced Scale - Drainage Map of the Korthern Half 

of the Study Area. 


One of the primary Indicators of geologic conditions in ait area, such 
as soil and subsoil types, bedrock types, and depth to bedrock, is the 
surface drainage pattern. Changes in the spatial arrangement of drainage 
ways, lengths of drainage ways, and the .uirabcr of channels Indicate changes 
in material types, regional slopes, and the erosive capabilities of the 
underlying bo.’ro''k ns well as surface soils. Figure 5 depicts the drainage 
that was mapped for the northern half of the Study Area. In addition to 
the geologic indicators provided by drainage mapping, the efforts helped 
delineate wetlands and gave an Indication of the number and location of 
stream crossings for any given route. Both of these latter factors would 
have direct bearing on the general environmental problems that would be 
faced in siting the route later. 
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FlpTire 6. Rcdiioed Stale — Geologic Feature Map of 
tlic Northern Half of the Study Area. 


Ajiother group of factors mapped from the nlrphotos were those related 
to geology (Figure (>). As a result of State-wide environmental concern in 
earlier years, V'erniont agencies have Identified geologic features deemed 
unique or important to the State, such as eskers and specific mineral 
locations. These factors were noted from existing State Ijsts and their 
locations determined from the aerial photographs. Thotographlc Interpre- 
tation was used to locate and delhieale large areas of coarse grained soil 
materials which serve an aquifers In the region and to find and delineate 
those areas with less than five feet i>f soil cover over bedrock. This 
latter parameter was useful in determining those areas In which blasting 
would he required to provide sufficient foundations for tlie poles. 
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QUESEC - NEW EflGLAND INTERCONNECTIOri 



Figure 7. Reduced Scale - Culture Hap of the Northern Half 

of the Study Area. 


Existing access to a potential powerlinc right-of-way is of particular 
concern in assessing the environmental impact of a facility through 
relatively wilderness areas. The more new construction or reconstruction 
of toads that is requires, the more potential impact of the project. 
Because much of the Northeast Kingdom is held in large tracts, the aerial 
photographs were invaluable in delineating the myriad private roads that 
have been built but do not appear on state maps. Figure 7 depicts these 
roads as well as the locations of the many historic sites which appear on 
local. State and federal registers and which must be avoided by any power- 
line through the area. While seemingly unrelated, these two factors arc 
quite compatible on this map as each factor falls into the broad general 
category of cultural features. Were there any known archaeological sites, 
or any suspected ones, in the Northeast Kingdom, these, too, would have 
been included in this figure. 
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Figure 8. Reduced Scnle - Scenery Classification Kap 
of the Northern Half of the Study Area, 


Visual analysis Is difficult to quantify and more difficiult to portray 
on a map because of the subjective nature of the factor (compounded by 
transitory elements of changing viev;ing points and seasonal changes. For 
this study, a combination of ideas was used to determine those* areas of tl\e 
Northeast Kingdom which had high scenic values and which shouHd be avoided, 
if possible. Figure 8 shows the final product which resulted-: from joining 
data from topographic maps, previous studies, slope maps, piersonal know- 
ledge and airphoto interpretation. 

Figures 3 through 8 illustrate the types of maps developied from these 
aerial photographs for inhousc study purposes and, later, pubdlc presenta- 
tions in setting forth opportunities and limitations for locating the 
power lino corridor in the Northeast Kingdom. 
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Figure 9. Reduced Scale - Limitations and Development Capability 
Hap of the Northern Half of the Study Area. 


These maps were used to develop a final map which indicated areas with 
no limitations, slight limitations, moder.ite and severe limitations to a 
powerlinc corridor and, conversely, elements that would be of impact upon a 
powerlinc corridor, such as steep slopes, inaccessibility, and other condi- 
tions creating technical limitations to the building of a powcrline (Figure 
9). 

Parenthetically, I would like to mention the final design, shown in 
Figure 10. We have recommended not a steel lattice-type structure, but a 
low-profile wood or Corten «teel H-frame structure that renders a visually 
less obtrusive design. Tliesc structures will blend into the background 
with relatively little disturbance to the segments of large forest environ- 
ment through which the line will ultimately pass. The structures will be 
between 85 to 95 feet above the ground with tiie cross arras 65 feet above 
the ground. The minimum conductor (wire) clearance will be 36 feet. 
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Figure 10. ArtiMts Conception of U-Frame Structures 
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The first report to VET.CO v;as a document setting forth 29 study seg- 
ments. These segments were one mile in width and varied from 2 to 20 miles 
in length. They were interconnected in such a way that ♦•licy could provide 
many paths from the Canadian border to either Comerford Dam or Moore Dam on 
the Connecticut River. The segments were established taking into 
consideration the constraints Imposed by natural and manmade elements. 
Figure 12 shows these segments and the myriad paths a powerline might 
follow. 

The result of this first phase was a regional overview and recommended 
preferred corridor alignment. This established the recommendation to VELCO 
that, based on information gathered in the first phase using regulatory, 
legislative, and VELCO' s criteria, the Essex Mountains Corridor was the one 
that should be further investigated for location of the line. 

The Essex Mountains Corridor provides for an alignment which will have 
the least effect on the environment and the people of the Northeast King- 
dom. The recommended corridor avoids major settlements, unique geologic 
and biologic areas, large wetlands, deer yards, steep slopes and agricul- 
tural land. It is a corridor that is 52 miles in length and provides a 
link between the New England and Hydro-Quebec systems that is environmen- 
tally acceptable and yet proves cost effective because it avoids problems 
areas, is relatively straight and •■echnically feasible. 

After submitting this regional overview, VELCO authorized the second 
portion of the study which analyzed all of the individual corridor segments 
in general and the Essex Mountains Corridor in detail. Also, it allowed 
for the development of a combination of segments that would render the 
least adverse routing from an environmental standpoint. This phase would 
also recommend a study corridor that would be narrowed from one mile to a 
maximum width of 1500 feet and, where possible, more specific than 1500 
feet. For the most part, the project route would eventually be 1500 feet 
wide so that actual field verification could be used for the final 200 foot 
right-of-way selection within the 1500 foot band. 

Land acquisition considerations, construction considerations, suitable 
access for construction, and land ownership patterns were additional 
criteria in the determination of a final specific corridor recommendation. 
In order to develop information with greater specificity, larger scale 
(1:24,000) black and white photographs were flown. In addition, enlarge- 
ments at a scale of 1:6,000 were acquired. This afforded sufficient detail 
to allow the development a 1500 foot wide corridor to be submitted to the 
Vermont Public Service Board by December 1. 

At this time (mid-October), the 42 towns (townships) in the project 
area were informed of VELCO' s intentions based on the initial studies. It 
was also pointed out that a preferred corridor had been chosen, though it 
had not be finalized, and would not be until December 1, the date VELCO 
expected to file for approval of a corridor. This meant that all munici- 
palities in the Northeast Kingdom were "'ut on notice for the project. 
Communities through which the preferred corridor passed were asked to meet 
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with us in order to evaluate our preliminary findings and render their own 
input. 

At this point the new black and white aerial photographs were used to 
Identify detailed vegetative cover, locate individual structures, drainage 
ways, steep slopes, private and public roads, existing utilities, identifi- 
able property lines, wetlands, and biologically and geologically sensitive 
areas (Figure 11). In addition, the towns* own plans, tax structures, the 
Impact of the line on land use and the economy of the communities were 
incorporated with photographic interpretation to select a 52.7 mile long 
corridor. This corridor avoided, as much as possible, contact with con- 
flicting land uses, year round and seasonal homes, natural constraints and 
other elements that might cause problems in locating a large pcwerllne. 

Land use and vegetative cover were mapped in detail for the entire 
mile-wide preferred corridor and for some distance to either side. The 
larger scale aerial photographs allowed the mapping resolution to be about 
one acre for factors such as wetlands. In addition to the increased 
details, the new mapping broke the forest land into age and composition 
categories so that softwood growth areas could be avoided. 

Similarly, the other factors were mapped to greater detail, both in 
resolution and definition so that each could be closely scrutinized and 
evaluated. The other factors evaluated at this scale included population, 
drainage and geology. 

On December 1, 1981, VELCO filed Plans to Construct with the Vermont 
Public Service Board. This document was the official notice to the State 
that VELCO intended to build the line and it asked the State for approval. 
The plans showed a 1500 foot wide corridor within which the final right- 
of-way would be selected. 

Because of the soundness of this second phase, all eleven towns 
through which the corridor passes essentially approved the preferred 
corridor recommendations. Only at the Canadian border, in the Town of 
Norton, did the filing with the Public Service Board include an alternate 
as part of the filing (Figure 12), This alternate resulted not from any 
problem with the Town, but because of uncertainties in where the line would 
come in Quebec. 

The third and final phase of the study began at this point and further 
detailed studies using airphoto analysis, additional literature survey, 
field investigations, and helicopter overflights were conducted to estab- 
lish the exact location of the line. This had to take into consideration 
detailed topography, location of access roads, environmental constraints, 
such as wetland areas, vegetative cover, drainage, and soil and subsoil 
con .itlons . 

While these detailed studies were being undertaken, the State of 
Vermont assigned the responsibility of evaluating VEI.CO's recommendations 
to its Department of Public Service. They were also to develop their own 
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Figure 11. Portion of a Black and White Aerial Photography Depicting 
Moore Dame and the Site of the Connecticut River Crossing 
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Figure 12, Recomnenaed Corridor (Heavy Black Line) for 
Powcrline Right-Of-Way 
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recomendatlons for locating the powerline corridor. It was here that the 
thorough and sound information developed as part of ou" inventory proved 
Itself. It showed that the State's evaluation could only confirm our 
findings. Only in two locations did the State suggest changes in our filed 
corridor. One of these locations concerned differing opinions of the the 
visual exposure in the Town of Granby, soaevjhere near the center of the 52 
mile line. The second concernea a deeryard at the southern extremity of 
the corridor which could not be substantiated by the Fish and Game 
Department- So, when it came to the public hearings, the State's own 
findings were in support of our corridor selection. 


It vjas encouraging to see that the two professional approaches con- 
ducted largely Independently, resulted in quite similar routes. By June 
of 1982, the snow had left the study area and the project team-, accompanied 
by representatives of the Vermont Agency of Environmental Conservation, the 
Department of Public Service, and the Department of Agriculture, proceeded 
to walk the entire corridor. This phase of the project further documented 
the soundness of airphoto interpretation during the earlier phase. As we 
walked the 52.7 lailes, it became increasing evident that the location 
selected for the powerline corridor was extremely appropriate 


To surnmarlze, within the framework of the project parameters estab- 
lished by VELCO and the constraints by legislation regulation, a techniqjc 
was devised to quickly focus attention to those geographic areas which 
would warrant further consideration for locating a high voltage powerline. 
Existing color infrared aerial photographs were obtained at a scale of 
1:42,000. Interpretation of the aerial photographs quickly provided data 
on land use, wetlands, slopes, geology, population distribution and the 
transportation network. Maps and the literature augmented these data with 
information concerning historic sites, pronounced elevations, biologically 
or geologically sensitive areas, planning and zoning. 

Through this process, twenty-nine corridor segments, one mile wide and 
varying in length from twe miles to twenty-four miles, were identified for 
more detailed study. These segments were based on assumptions concerning 
entry and exit points from the study area and formed an intricate network 
of paths which avoided the major problem areas. 


Further aerial photographic interpretation and literature research, 
along with consultatlcn with the affected communities, led to the selection 
of a 1500 foot wide study corridor which has the support of the State and 
local people and which is presently being reviewed by the Vermont Public 
Service Board. 
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POTENTIAL ROLE OF LAND USE AND LAITO COVER INFORMATION 
IN POWERPLANT SITING: 

EXAMPLE OF THREE MILE ISLAND 


James R. Wray 
U.S. Geological Survey 
Reston, Virginia 22092 


Selecting a site for a nuclear powerplant can be helped by digitizing 
land use and land cover data, population data, and other pertinent data 
sets, and then placing them in a geographic information system. Such a 
system begins with a set of standardized maps for location reference and 
then provides for retrieval and analysis of spatial data keyed to the 
naps. This makes possible thematic mapping by computer, or interactive 
visual display for decisionmaking. It also permits correlating land use 
area measurements with census and other data (such as fallout dosages), 
and the updating of all data sets. The system is thus a tool for dealing 
with resource management problems and for analyzing the interaction 
between people and their environment. Besides powerplant siting and 
selection of powerline right-of-way, it can also help the planning of 
wastewater treatment facilities, assessing the Impact of natural or 
man-made hazards, and preparing for emergencies. 

Under present practice, selection of a powerplant site begins with a 
proposal and application by an existing utility company. This is nearly 
always for a site within that company's present area of operation. In 
late March 1979 a nuclear accident occurred at the Three Mile Island site 
on the Susquehanna River, 10 miles southeast of Pennsylvania's State 
capital at Harrisburg. The accident raises questions about where such 
plant are located and what areas are affected. A current land use and 
land cover map of the plant site and vicinity that is keyed to political 
units and census statistical aieas is one tool that the Interested layman 
can understand and that the politician, planner, and utility company can 
use in decisionmaking. An example of such a map is provided and 
described. Prepared by computer from a USGS digital data base, this map 
illustrates, after the fact, a rationale for the site chosen if only a 
land use criterion is considered. (Other relevant criteria include 
ground water hydrology, geological structure, and seismic activity.) 

The accident at Three Mile Island serves as a catalyst for examining not 
only the spatial data sets and Information system used in site selec- 
tion, but also the prospective role of that system in hazard mitigation 
and emergency response. The land use and census areas information used 
in the Three Mile Island example was extracted from a statewide digital 
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data base completed in 1978 as a cooperative effort between the State of 
Pennsylvania's Department of Environmental Resources and the U.S. 
Department of t*'e Interior's Geological Survey. By 1986, land use and 
land cover maps are expected to be available for the entire country. 
Coverage In digital tape form — from which the Three Mile Island nap was 
made — will follow. The land use maps are compiled largely from remotely 
sensed data. When Interpretations from similar data for a later tine are 
placed In the sane geographic Information system they can be used in 
routine map revision and update, or in emergency detection of change and 
assessment of damage. 
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Computer-Plotted Map of 
Land Use and Land Cover, 

Three Mile Island and Vicinity, 

With Census Tracts 

Explanation of s map lllustrotlng the availability of 
digitized land use and land cover Information, and one timoly application 




A nuclear accident occurred in late March 1979 at the Three Mile Island powerplant on the 
Susquehanna River. 10 miles southeast of Pennsylvania’s state capital at Harrisburg. The accident 
raises questions about where such plants are located and w.hat areas are affected. 

Using river water to cool the turbines and the nuclear reactor, the Three Mile Island thermal 
nuclear powerplant occupies an insular location in an area of relatively low popu'alion density. 
Even so. it is at the center of a triangle formed by populous electricif, -consuming metropolitan 
centers at Harrisburg (10 miles avray), York (13 miles), and Lancaster (23 miles). Small residential 
areas do lie nearby, but extensive open water, agricultural land, and forest land dominate the 
immediate vicinity. Suburban Middletown, however, lies less than 5 miles north. Off to the southeast 
— and usually dov^nwind — lies industrial Lancaster in the heart of a rich agricultural area. 

A current land use and land cover map of the plartt site aetd vicinity that is keyed to political 
units and census statistical areas is one tool which the curious layman can understand and which 
the politician, planner, and utility company can use in decisionmaking. The accompanying figure is 
a reduced reproduction of such a map. An unannolated version v/as drawn in one evening's time by 
a U.S. Geological Survey computer-driven mapping plotter. At one scale, it overlies a USGS 
topographic base map which provides other essential information, such as roads, mountains, and 
drainage linos. A separate legend, also prepared by computer, identifies by color and shading 
pattern 19 categories of Level II land use or land cover. In general, the smaller land use polygons 
in darker tones are urban and built-up areas. The larger polygons in lighter tones are agricultural 
and forested areas, or v/ater bodies. The rings spaced at an interval of 5 miles are used in analysis, 
planning, and assessment of impact. The grid lines spaced at an interval of 10 km are in the 
Universal Transverse Mercator (UTM) rectangular coordinate system. They are used lor location 
control in mapping and analysis by computer, but locations can also be expressed in geographic 
coordinates. 

i The land use/land cover and census areas information is reconstructed from a statewide digital 
data base completed in 1978 as a cooperative effort between the Slate of Pennsylvania’s 
Department of Environmental Resources and the U.S. Department of the Interior s Geological 
Survey. The corresponding overlays of associated maps lor the Harrisburg and Baltimore 1* x 2" 
topographic map quads have been open filed at a scale of 1:250,000. These show census county 
subdivisions, political units, hydrologic units, and Federal land ownership. By 19'32 similar map 
coverages will bo available for the entire country. Coverage in digital tape form — from which this 
map is made — will follow. The land use maps arc compiled largely from remotefy sensed data, 
which arc also to be used in map revision and update. 

The USGS Geographic Information Retrieval and Analysis System (GIRAS) geographic information 
system makes possible not only the mapping by computer, but also the correlatir^g of land use 
area measurements with census and other data, the updating of all data sets, and the retrieving and 
analyzing of data. The system is thus a tool lor dealing with such resource management problems 
as powerplant and povvorline site selection, planning of wastewater treatment facifeties by drainage 
basin, assessing the impact of natural or man-made hazards, and preparing for emergencies. The 
map of Three Mile Island not only graphically dramatizes these needs but also tho capability to 
meet them. 

Allhouvgh data are filed by such mapping units as the Harrisburg and Baltimore 1* x 2’’ 
topographic map quads, the USGS GIRAS geoinformation system can also recall data centered on 
other areas, such as Three Mile Islcnd and vicinity, which lies in more than one qtrad. At the user’s 
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direction, it can also portray data in different combinations and at different scales. Except for the 
census tracts and some place names — for which the computer file presently uses numerical codes 
—the accompanying figure is in the stylo of a multicolor, computor-dralled and -shaded pen plot. 

Other graphic output modes are also possible, including video display. 

Availability ol maps and data . — Besides the maps, digital tapes and selected statistical summaries 
are becoming available lor selected areas throughout the United States. From the tapes, a great 
variety of maps and tables can be made by other users, as well as by USGG. For informatiori, contact 
National Cartographic Information Centers at USGS offices in Reston, Va.. Ro.la, Mo.. Denver, Colo., 
and Menlo Park, Calif., or contact: 

Geography Program 
U.S. Geological Survey 
710 National Center 
Reston, VA 22092 
Telephone: (703) 060-6256 

For information about a lull size. 46 x 58 inch land use map exhibit ol Three Mile Island and vicinity 
call James R. Wray at USGS (703-860-6345)7 or Germain LaRoche ol the U.S. Nuclear Regulatory 
Commission (301-492-8269). ^]’jh 


Computer-Plotted Map of Land Use and Land Cover, 
Three Mile Island and Vicinity, With Census Tracts 
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COMPUTER-AIDED SITING OF COAL 
CONVERSION FACILITIES 


Daniel D. Moreno 
Dames & Moore 

1100 Glendon Avenue, Suite 1000 
Los Angeles, California 90024 USA 


1. INTRODUCTION 

Today's precarious energy situation in the United States has 
focused much attention on the question of coal conversion. 
The principle of coal conversion is the transformation of coal 
into more usable forms — namely, synthetic gas and various 
typos of liquid fuel. Much of the excitement that synfuels 
generated among energy planners only a few years ago has 
faded. The main problem with synfuels today is an economic 
one: petroleum prices have not increased at projected levels 
and synthetic fuels simply cannot compete in today's energy 
market. In fact, one study has shown that even in an economy 
of rapidly rising oil prices, the projected cDsts of producing 
synfuels from a proposed facility increase commensurately [1] . 
Because a typical synfuels plant might today cost between 1.5 
and 3 billion dollars to construct, the apparent rewards of 
commercial development do not match the risk. 

Given the marginal nature of synfuels economics, plant site 
location can be a major determinant in overall project feasi- 
bility. Furthermore, because plant location may largely 
determine the severity of environmental and cultural impacts, 
proper siting can be "the key to public acceptance of a coal 
facility" (2) and, cumulatively, to the technology in general. 
The challenge in siting conversion plants rests in optimizing 
transportation costs in the larger context of a regulated and 
sensitive environment. Energy planners must simultaneously 
address issues which often conflict with each other. Also, a 
highly changeable economic climate demands that almost total 
flexibility be built into site selection methodology. This 
flexibility should allow for changes in transportation rates, 
market and mine locations, and as government priorities 
dictate, changes in regulatory conditions. 

These challenges are being met quite successfully through the 
active use of geographic information systems. 
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2. CASE STUDY DESCRIPTION 

Dames & Moore has conducted a number of site studies for 
synfuels conversion plants in the Midv.'est, In the course of 
these studies, the firm has developed a methodology for 
simultaneously addressing several siting criteria. The 
methodology and results from those collective studies have 
been borrowed for this paper to demonstrate how a typical 
siting problem might be solved. The following discussion, 
therefore, will be treated as a single "case study." 

A study area centered on the lower Ohio River Valley (Fig- 
ure 1) has been selected for illustration. This is a typical 
synfuels siting region due to its proximity to Midwestern coal 
sources, synfuels markets, and the Ohio River transportation 
corridor . 

Dames & Moore's Geographic Information Management System 
(GIMS®) was selected as a tool for the manipulation and 
display of project data. GIMS is a fully integrated system 



Figure 1 

StiKlv Area Dacntion 
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developed by Danes and Moore to provide planners with a 
tool for entering, storing, analyzing, and displaying large 
amounts of geographic information. GIMS has been employed 
successfully on a variety of past projects relating to in- 
dustrial site and route selection, resource assessment, and 
environmental impact. 


2.1. Analysis Strategy 


The initial step in the analysis concerned the identification 
of the salient issues which bear upon the siting decision 
for a coal conversion plant. The planning team decided upon 
three basic issues of concern; these issues are identical to 
those traditionally evaluated in the siting of any power plant 
or other major industrial facility. 


First, because of the strict air quality standards imposed 
upon many regions in and near the Ohio Valley and the several 
areas of ecological distinction, environmental suitability 
emerged as a primary siting issue. The study reg..on is also 
characterized by varying densities of population and complex 
patterns of urban and rural land use; therefore, cultural 
suitability became the second main issue. 


In the construction and operation of a coal conversion plant, 
the owner incurs many costs which cannot be avoided or opti- 
mized by reason of geographic location. However, other costs 
such as those incurred 'in transporting the coal from nine to 
plant and costs of moving the product to market can vary 
considerably with site. For this reason, the third issue 
addressed consisted of site-dependent capital and operating 
costs . 


2.2. Data Base Creation 


For each of the three siting issues, a strategy was developed 
to allow for the 'transformation of available "source data" 
into a map representing the suitability across the study 
region for the issue in question. Once these strategies 
wore outlined, it was determined which source information had 
to be collected for input into the models. Most of the data 
v/ere obtained from published sources and then were transcribed 
onto standard USGS base maps for consistency in digitizing. 
Source maps were input into GIMS in two ways. For most maps, 
polygons representing various features (for example, air 
quality zones or state parks) were digitized directly from 
physically mapped data. Other data v/ere obtained in already 
digital form and only had to bo converted into a GIKS-readable 
fori-at. T)ies.e files included surface topography, which was 
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obtained from the USGS, and population density, which was 
derived from a U.S. census file of enumeration districts. 
All source data were abstracted into matrix files of grid 
cells, v/ith each grid cell representing a land area 1.5 
kilometers on a side. 


2.3. Primary Screen 

In most regional siting studies, there exists a number of 
features which preclude development a priori ; these features 
include legal and quasi-legal restrictions such as national 
and state parks and federal air quality non-attainment zones. 
Other "fatal flaws" include environmental restrictions such as 
fault traces, subsidence zones, and wetlands. The method- 
ology used in this study consisted of a two step process. The 
first step, a primary screen, excluded offhand the areas 
possessing any legal or environmental restrictions. These 
areas were physically mapped and digitized as one of the map 
files in the data base. The second step in the analysis 
evaluated the suitability of those areas which survived 
application of the primary screen, based on the three major 
issues of concern. For purposes of illustration within this 
paper, the primary screen has been removed from all but the 
final site suitability map. 


3. DERIVATION OF SITING ISSUES 
3.1. Environmental Suitability 

The first siting issue addressed was environmental suit- 
ability. Figure 2 shows a data structure diagram for the 
derivation of this issue. The diagram shows that environ- 
mental suitability is a combination of tv/o sub-issues; air 
quality suitability and distance to ecological areas. The 
air quality suitability map in turn consists of two compo- 
nents: first, the distance of sites to federally-designated 
TSP, PSD Class 1, and S0„ non-attainment zones, and second, 
a measure of plume dispersion capability, based on surrounding 
topography . 

The ecological suitability map reflects distances of potential 
sites to areas of ecological concern, including parks, recrea- 
tion areas, wildlife habitats, and game preserves. 

Together, the air quality and ecological suitability maps were 
combined in t}\e computer to yield a single environmental issue 
map (Figure 3); lighter shades on the map represent areas of 
higher environmental suitability for plant location. 
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Cultural Suitabilit^ 


The cultural suitability issue (Figure 4) sought to avoid 
areas of high population density and culturally sensitive land 
uses. Zones of industrial uses or other environmentally dis- 
turbed lands were given a favorable suitability rating. Urban 
areas, prime agricultural lands, and regions of poor highway 
accessibility were given lower ratings. The suitability map 
(Figure 5) shows better siting areas as lighter grey shades. 
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3.3. Capital and Operating Costs 

The issue of plant cost centered on those capital and operat- 
ing costs which could be expected to vary across the region of 
interest (Figure 6). The general form of the model used in 
this analysis is: 

' '^l^l * =2’‘2 * + ^5=‘5> 

where: C.^ .. = total site-variable plant cost in annual- 

' ized dollars at location (grid cell) i,j 

a = number of cost units of factor X 
at location i,j 

= cost of delivered coal at plant 

^2 = cost of synfuels transport to market 

X. = capital, operating, and maintenance cost 
of obtaining cooling and processing water 

X. = labor cost 
4 

Xg = state taxes 
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Although other minor site-variable costs could have been added 
to the model, their potential contributions to the cost issue 
were considered to be insignificant. For each possible site, 
or grid cell, within the study region, the cost of every 
component of the model was computed by GIMS on an annualized 
dollar per year basis. Component costs of coal and synfuels 
transport and plant cooling were broken into two further 
categories: capital cost and operating-maintenance cost. 

After the five component cost surfaces were created and stored 
in the computer data base, they were summed to produce a 
single total cost map. A discussion of each cost component 
follows . 

Cost of delivered coal . The cost of delivered coal is a 
function of the annual cost of the coal at its source, ship- 
ping charges along the existing transport system, and any 
construction and operating expenses required to connect the 
coal source and plant with the existing transport system. 
The regional transportation system consisting of highways, 
railroads, and navigable rivers (Figure 7) and coal source 
locations were entered into the data base. 

Several steps were required to perform the coal transpor- 
tation analysis. First, the cost of connecting the coal 
source to the nearest transportation facility was computed. 


TRANSPORTATION 

SYSTEM 





Figure 7 
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This connection was made either by rail spur or by conveyor, 
whichever v/as determined by GIMS to be more economical. Once 
the model brought the coal from its source to the closest 
highway, rail, and river, the costs were allov/ed to accumulate 
along these facilities, incrementing different unit costs 
along each transport mode. Transfer from one mode to another 
invoked an appropriate loading and unloading penalty. 

After the minimum coal cost was derived for all potential 
sites along the main transportation system, it was necessary 
to compute costs to sites off the digitized routes. GIMS 
calculated the length of new spur construction from existing 
rail lines to all sites in the region. This length was 
determined in conjunction with a topographic data file (Figure 
8) which depicted the elevation change from one cell to the 
next. In steep grades, additional spur length was incurred to 
reduce the grade to a maximum of 3 percent. The analysis 
showed higher rail spur construction costs in areas of varying 
terrain . 

All of the above steps were performed for each coal source 
considered in the analysis. The resulting maps were com- 
pared to yield a single map representing the minimum cost 
of delivered coal, optimized by coal source and mode of 
transportation (Figure 9). 
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Figure 9 

Cost of product transpor t. Costs for transportlmg syn- 
fuels produced at the plant to a mix of predesignated mar- 
kets (Figure 10) were derived in a manner similar- to the 
coal transportation model. The analysis assumed that a 
constant quantity of synfuels would be produced and trans- 
ported each year by an optimized combination of rail, barge f 
and pipeline modes. It was also assumed that the price 
obtained from product sales would not vary with market. 
To accommodate uncertainties in the definition of the syn- 
fueis markets, alternate scenarios for product distribu- 
tion were developed. The results of these scenarios were 
compared within the computer to achieve an optimized mar- 
keting strategy based on the distribution of synfaels to 
several regional markets. 


Cost of plant cooling . The cost of supplying cool5.ng and 
processing water to the synfuels plant is based on tJhe dis- 
tance from a suitable source of water and the elevation 
differentials between the source and the plant site. First, 
GIMS computed the capital costs of installing pipelines 
from digitized rivers and streams to all potential sites 
in the region. Added to this cost surface were the operat- 
ing expenses of pumping water over uneven terrain Jto the 
sites . 
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Figure 10 

Labor and taxes. The cost of labor was calculated through the 
use of regional labor rates applied to the estimated number of 
man-hours required to construct and operate the plant. In 
addition, digitized state boundaries were used in order to add 
state income, property, and franchise taxes. 


Composite cost. The composite cost issue for the region 
of interest (Figure 11) is a summation of the five com- 
ponent costs described above. Sites closest to the Ohio River 
and existing railroads generally fared best in the cost 
analys is . 


3 .4 Composite Site Suitability 

The three siting issue maps (environmental suitability, 
cultural suitability, and capital/operating costs) contained 
different units used in measuring suitability. The first two 
issues were classified on a 1 to 5 ordinal rating scale, while 
plant cost was expressed in millions of dollars per year. To 
combine three maps which contained incompatible scales of 
measurement required the employment of an issue vreighting 
scheme and a map overlay technique (Figure 12). 
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Figure 11 
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The analysis strategy dictated that each issue of concern 
would be assigned a weight reflecting that issue's relative 
importance in the overall siting decision. This is often the 
least objective part of any siting study and demands special 
care, since application of such weights can significantly 
affect the final siting solution. The Delphi technique has 
proved to be a structured and rational approach to criteria 
value-setting [31. A typical Delphi session brings together a 
grcup of individuals who possess either specific or general 
expertise in the type of siting problem under consideration. 
Through a detailed exploration of the siting objectives, the 
group seeks to achieve a general concensus regarding the 
relative importance of the siting issues. 

A Delphi session conducted as part of the conversion plant 
siting study yielded the following weights: 

Environmental suitability 4.4 

Cultural suitability 1.7 

Capital/operating costs 3.9 

The overlay function of GIMS normalizes the individual scales 

of issue maps, applies weights and sums the weighted maps 
together. The result of the overlay (Figure 13) is a final 
site suitability surface from which promising siting areas may 
be selected and analyzed in further detail. Lighter shades 

indicate those areas most suitable for plant location. 
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4. SUMMARY AND CONCLUSIONS 

Based on the issue naps and the final suitability surface 
created in this study, the client was able to make a rational 
and informed selection of promising siting areas for its 
proposed coal conversion plant. These siting areas are 
currently the object of detailed field investigations which 
will further narrow down the final siting decision. 

This case study illustrates the value of geographic informa- 
tion management systems in finding acceptable sites for 
synfuels plants and other industrial facilities. The u.se 
of GIMS in this analysis provided several obvious advantages 
over traditional manual site selection methods. Among these 
advantages were; 

1. The storage and efficient management of large amounts 
of data. 



A verifiable and fully documented analysis strategy 
(especially important when responding to federal, 
state, and local environmental standards). 


3. The ability to conduct a multi-objective analysis 
which accommodated several independent and often 
conflicting siting criteria. 


4. Flexibility to change cost assumptions, market or 
coal source locations, and issue weights in response 
to changes in economic or regulatory conditions. 


5. Quantitative and realistic cost estimates which not 
only assist in site selection, but give the client 
the capacity to evaluate financial requirements of a 
project and compare alternate modes of transport and 
technology . 


6. The ability to optimize marketing strategies by 
changing the locations of assumed synfuels r.iarkots 
and varying the prices obtained for the product at 
each market. 


In order for synfuels conversion plants to become economically 
feasible and therefore regain a prominent place in U.S. energy 
policy, sites will have to be chosen with extreme care. The 
cnori.'.ous investments required from both government and private 


industry will demand the type of decision tools that computer- 
based geographic management systems can provide. 
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MINING OPERATIONS AND REMOTE SENSING 
A. Anderson 

Office of Surface Mining 
U.S. Department of the Interior 

Washington, D. C. 20245 

The primary goal of the Office of Surface Mining (OSM) is to "create a 
nationwide program to protect the environment and society from the 
adverse effects of surface coal mining operations, while ensuring an 
adequate supply of coal to meet the Nation's energy needs." In this 
regard, the OSM directs its efforts toward two major programs; the 
enforcement of environmental rules for active surface coal raining 
and reclamation operations, and the implementation of a major abandoned 
mine land reclamation program. 

Major objectives of the OSM program include establishing minimum national 
standards for regulating the surface effects of coal mining, assisting 
the States in developing and implementing their regulatory programs, and 
promoting the reclamation of abandoned mine areas. Remote sensing and 
special studies play an important combined role in these responsibilities. 
Also, the ability to inventory, monitor, and quantify present mining 
activity and abandoned coal surface mine problems are being evaluated 
through the use of various remote sensing techniques and platfoms. 

The special studies or applied research program at OSM is divided into 
four categories: geotechnical compliance with the law and the rules, 
reclamation of affected lands, ecological investigations, and environ- 
mental monitoring. The objectives of the projects under this program 
arc to: provide the research direction .identify the OSM needs, support 
the rules, and improve raining methods and techniques. 

The environmental monitoring area includes the use of remote sensing 
and supplementary data to assist OSM in its mission. Throughout this 
effort, remote sensing data are being evaluated as OSM is involved with 
projects such as: (1) Low altitude aerial photo reconnaissance coverage 
to assist inspection and enforcement through the examination of mine 
related features for permit compliance with the interim rules in the 
Appalachian States, (2) Yearly color aerial I'hotography for evaluation 
of alluvial valley floor assessmemt, mining impact, and mine plan review 
for over 200 western U.S. mine sites, (3) Imagery evaluation and digital 
thermal data related to abandoned deep mine fires and waste bank fire 
problems in Pennsylvania and Wyoming, (4) Low-altitude photo interpre- 
tation manual of surface mining operations for State and Federal 
inspectors, and, (5) Development of mine monitoring capability utilizing 
high altitude aircraft and Landsat data on western mine sites. Also 
being studied are the naturally occurring incidents which endanger 
public health, safety, general welfare and property from the adverse 
effects of surface and previous underground coal mining practices. 

Results and conclusions from these studies have stiown botli the limitations 
and usefulness of aerial, thermal infrared, digital and Landsat data to 
produce needed information to assist OSM in its mission through applied 
research studies and analysis from various multistage platform imagery. 
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REMOTE SENSING APPLICATIONS TO THE PENNSYLVANIA 
ABANDONED MINE RECLAMATION PROGRAM 


Ernest Clemens and Larry Warnick 
Earth Satellite Corporation 
7222 47th Street 
Chevy Chase, Maryland 20815 


ABSTRACT 

The recently completed Pennsylvania Abandoned Mine Land Inventory demonstrated 
the effective use of remote sensing techniques within the context of the Surface 
Mining Control and Reclamation Act of 1977. The inventory combined data from 
field work, a literature search, and photointerpretation to fulfill both State 
and Federal requirements. A primary project objective v/as to accurately identify 
and map all surface features and disturbances from abandoned surface and under- 
ground mining. Black-and-white aerial photographs were used to record pits, 
contour benches, highwalls, spoil material, graded and recontoured areas, impounded 
water, and serious erosion and slide prone areas. In addition, vegetation cover 
estimates and surrounding land uses were noted. The inventory data base provides 
Pennsylvania with a valuable resource management tool that should be systematic- 
ally updated. The utilization of remotely sensed data from SPOT or Landsat-D 
satellites may prove valuable in the anticipated updating and monitoring of the 
Pennsylvania AML Inventory over the next several years. 

INTRODUCTION 

Coal has been mined in Pennsylvania since about 1760, with peak production 
of both anthracite and bituminous coal occurring during World War I. Although 
production has tapered since that time, Pennsylvania still ranks as the fourth 
largest individual state producer. One result of two centuries of mining activity 
is environmental degradation on nearly 200,000 acres of land. Historically, 
coal mines in Pennsylvania were not subject to strict environmental regulations. 

As in other states, it was common practice to simply abandon a mine complex when 
extraction was no longer profitable. In many instances, these abandoned mine 
lands (AML), have seriously degraded the surrounding environment or created 
health and safety hazards for nearby residents. These environmental and safety 



problems include, but are not restricted to open shafts and portals, surface and 
underground fires, subsidence, abandoned facilities, acid drainage, erosion and 
sedimentation, highwalls, and flooded pits. 

The first comprehensive inventory of these problems and features in Penn- 
sylvania is scheduled for completion in 1982. This project, possibly the largest 
to date in the United States, was authorized by the Surface Mine Control and 
Reclamation Act of 19‘’7 (P.L. 95-87) [1] and designed for consistency with the 
Pennsylvania Reclamation Program [2] that has been ongoing since 1968. The 
objectives of this inventory are discussed within the context of both the federal 
and state program goals, with particular emphasis directed toward data collection 
methods relative to those goals. In addition, the potential utility of data 
from SPOT and Landsat-4 satellites in the anticipated data base revision procedures 
is considered. 


INVENTORY OBJECTIVES 

Title IV of P.L. 95-87 established a national program, administered by the 
Office of Surface Mining (OSM), to promote the reclamation of lands mined prior 
to August of 1977. Lands to be considered in the program are those that were 
inadequately reclaimed and continue to "substantial ly degrade the quality of the 
environment, prevent or damage the beneficial use of land or water resources, or 
endanger the health or safety of the public." A systematic, standardized 
national inventory of AML problems v/as the obvious first step for OSM in carry- 
ing out this program. 

^ The OSH inventory and ensuing program are clearly oriented to the identification 
and restoration of specifically defined AHL health and safety problems. This 
orientation is consistent with the first two Reclamation Fund priorities as 
specified in Title IV. These include problems that 1) are extremely dangerous, 
and 2) adversely affect public health, safety, and welfare. It was recognized 
by OSM that funds were not available to identify every surface disturbance from 
past mining. Consequently, problems of lesser importance were not actively 
sought by the OSM National Inventory. Oak Ridge National Laboratory (ORNL) was 
contracted by OSM to develop a standardized methodology for the national inventory. 
From this effort, a labor intensive field survey of AML problems that adversely 
affect the health, safety, and welfare of local populations was deemed to be the 
most appropriate mode of data collection. Remote sensing applications to the 
national inventory v;ere evaluated and dismissed, since feature identification 
was not an objective [3]. 

However, the identification and documentation of all AML features is consistent 
with the objectives of the Pennsylvania Reclamation Program. One reason for 
this is the keen public awareness in Pennsylvania of all types of AML problems. 

This awareness is responsible for several State laws, all predating P.L. 95-87, 
which authorize State agencies to fund four specific categories of reclamation/ 
abatement projects. These included; abatement of mine dranage; extinguishment 
of burning refuse banks within public ownership; extinguishment/control of deep 
mine fires; and control of surface subsidence. 


The difference in State and Federal objectives is significant when the 
objectives of the inventory are translated into methodology and scope. OSH felt 
that the inventory should target AML problems which were specifically responsible 
l^or adverse effects to the health, safety, and general welfare of local popu- 
lations. Since limited federal monies were available, only the most serious 
problems were to be documented and prioritized for reclamation funding consid- 
eration. The State likewise felt that hazardous problems should be given high 
reclamation priority, but also felt that non-hazardous W-lL-related environmental 
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problems should also be identified. The State determined that the most cost- 
effective mode of data collection to meet that objective v/as an intensive aerial 
survey. That determination is consistent with the findings of Hroczynski and 
Weismiller [4] that aerial photo analysis is a cost-effective tool in the operation 
of a state reclamation program. 

A compromise methodology was eventually agreed upon that incorporated key 
elements of both programs. In January 1981, Earth Satellite Corporation (EarthSat) 
along with SMC-Martin as principal subcontractor, was contracted by the Pennsylvania 
Department of Environmental Resources (DER) to develop an AiiL inventory of 
Pennsylvania for incorporation into the National Program. The soecific objectives 
of the inventory were to: 1) survey the overall enviroamental effects of past 

mining operations; and 2) generate an information base from which future accomplish- 
ments can be measured for OSH, and also for use in programs initiated by DER. 
EarthSat performed three separate data collection tasks to meet the objectives, 
including field, aerial, and literature surveys. In combination, these data 
sets effectively merged the ongoing DER program into the more recent and narrowly 
defined OSM program. 

METHODOLOGY AND RESULTS 


The three data collection tasks were accomplished systematically in a two- 
part program. Part A was a documentation of existing technical information 
compiled under the auspices of DER, while Part B consisted primarily of concurrent 
[yield and aerial surveys with limited input from literature reviews. Together, 
the three data sources satisfied both human and environmental concerns of the 
Federal and State governments, respectively. 


Throughout all phases of the project, AML data was recorded on Problem Area 
Data Forms (PADAFO's). Ihese two-part forms were designed by EarthSat to specifi- 
cally address the data requirments of both OSH and DER. Each fonn includes a 
"keyword" list of health, safety, and welfare problems developed by OSM to meet 
the national program objectives, in addition to a DER "Problem Code" list of all 
AML features. The keyword list is comprised of 16 problems that denote an 
element of public impact, while the 13 component Problem Code list allows for 
the identification and physical assessment of all AML features, regardless of 
public impact at the time of the inventory. 

Part A of the Pennsylvania Abandoned Mine Lands Inventory involved an 
extensive literature search. Data compiled by the Commonwealth's Division of 
Mine Reclamation provided a v/ealth of information in the form of files and 
reports. Investigators were able to identify potential health, safety, and 
welfare problems from a collection of approximately 1,500 public complaint 
reports, known as inquiry files, as well as environmental data from a series of 
engineering studies entitled Scarlift Reports. 

The inquiry file system was a major data source in the initial effort to 
locate hazardous AML problems. Each file contained the complaint report and a 
site assessment, with reclamation or abatement alternatives recaiimended where 
appropriate, from a DER District Mine Inspector. Information extracted from 
these files in Part A was recorded for use during the field survey in Part B. 
^carlift Reports are a collection of sixty-seven v/atershed and sub-v/atershed 
Itudies covering nearly all coal producing areas within the State, ^he reports, 
xompleted between 1959 and 1978 by various consulting engineers, were the 
primary sources of acid mine discharge information recorded into the data base 
during Part A. 










Part B was conducted in two phases in consideration of Commonwealth and 
Federal requirements. Concurrent twelve-month field and photo interpretation 
efforts identified health, safety, and environment degradation problems. The 
field effort was conducted according to the standarized OSH methodology. .Working 
in three, five-person teams, field personnel were able to locate, identify, and 
review health, safety, and general welfare problems throughout Pennsylvania. 
Problems not identified in the literature search turned up in conversations with 
state, county, and local officials knowledgeable of mine land problems. These 
officials included DER mine inspectors, SCS personnel, county health and tax 
officials, and township planners, supervisors, and mayors. Firemen, rescue 
workers, and "old timers" also proved to be valuable sources. Site investigators 
explored the nature of reported problems and an appropriate cause-and-effect 
impact analysis was recorded on the PADAFO if a hazardous situation was present. 
These problems were delineated on 1:24,000 scale topographic field maps and 
corresponded to descriptions on the data form. In many instances, the site 
investigators determined that no written impact assessment was called for; the 
nature of the problem did not appear to pose a threat to the health, safety, and 
general welfare of the surrounding population. In these cases, the physical 
characteristics of the site were recorded on the map to be used as collateral 
data in the airphoto interpretation effort. In addition to impact assessments, 
field investigators also conducted ground truth visits to an estimated SOX of 
the mine sites in Pennsylvania. Features which could be identified on the 
ground ware delineated on the paper topographic field map. Investigators recorded 
percent and type of vegetative cover, height, length and condition of highwall, 
soil development, and mine water discharge parameters. The delineations of 
these AML features were later incorporated into PADAFOS and maps during the 
airphoto interpretation segment of Part B. 

The aerial survey effort was the final phase of Part B data collection. 

This application of fundamental airphoto interpretation techniques to identify 
and delineate AtlL surface features resulted in several important benefits to 
both the data base and the Commonwealth. These included: 1) identification of 

nearly all of the surface expressions of past mining activities that v/ere abandoned 
prior to August 1977; 2) accurate map delineation of these features plus those 
problems identified during the field survey; and 3) significant inventory cost 
savings. 

It was estimated by EarthSat and other sources that the cost of assembling 
the current data base while using the field survey as the sole approach, would 
have increased the inventory contract value by as much as eight fold. That 
estimate was based on a comparison of the cost per PADAFO ratio of several 
Appalachian region inventories that utilized no aerial survey with the cost per 
PADAFO ratio of the Pennsylvania Inventory. 

Airphoto coverage of most of Pennsylvania's coal regions was available 
through the U.S. Geological Survey. This photography, obtained in 1977 and 
1978, was optimal since the project was initiated to identify lands abandoned 
prior to P.L. 95-87 (August 1977), Two areas which lacked suitable photo coverage 
were flown as part of the program. The black-and-white 1:80,000 scale photography 
proved adequate to delineate accurately most of the surface mine features defined 
by the State problem codes. The necessary quality control was assured by field 
observations. Acreage, highwall length and height, and volumetric estimates 
were computed during this phase and recorded in tabular form on the PADAFO. 
Additional descriptive information regarding highwall condition, vegetation 
cover, and relation to other surface features was also recorded. 
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As written descriptions were recorded on PADAFO's, corresponding site 
feature delineations -were made on stable-base map overlays. To ensure the 
accuracy of the completed draft product, a sandwich of quad-centered photo 
enlargement, stable-base topographic map, and overlay material was made. The 
overlay was attached to the quad and the two were locally registered to the 
photo base. Features identified using the corresponding stereo aerial photographs 
were thus easily and accurately drafted onto the base map overlay via the inter- 
mediary photo enlargement. 

The statewide results of the inventory have been tabulated by Problem Code 
with appropriate acreage or number figures, and are presented on Table 1. The 
magnitude of the inventory is indicated by the total numbers of PADAFO's, keyword 
problems, features, and disturbed acreage that were recorded and mapped. More 
detailed subdivisions of the preliminary data are not presented here because the 
draft data base is under review by both OSM and DER at the time of publication. 


TABLE 1. Preliminary Data Results 


PROBLEM CODE ACREAGE NUMBER 


1. Abandoned Strip mine (Dry) 

71906 


2. Abandoned Strip Mine (Flooded) 

5932 


3. Open Shafts or Entries 


3181 

4. Abandoned Refuse Piles (Burning) 

556 


5. Abandoned Refuse Piles (Not Burning) 

98028 


6. Underground Mine Fires 

1791 


7. Underground Mine (Eliminated from Inventory) 

- 

- 

8. Subsidence Prone Areas (Known) 

5633 


9. Subsidence Prone Areas (Suspected) 

13295 


10. Abandoned Coal Processing Settling Basins 

1035 


11. Abandoned Structures 


162 

12. Erosion Prone Areas (Due to AML) 

1371 


13. Slide Areas (Due to AML) 

45 


14. Reported AMD Discharges 


4593 


Total Disturbed Acreage 199792 

Total Number of Health, Safety, and Welfare 
Keyword Problems 2236 

Total Number of AML Features 24977 

Total Number of PADAFOS 5274 


Cartographic, photographic, and data processing technicians made final 
deliverable products from original draft overlays and data forms. Working with 
the draft map overlay, cartographers produced inked and labeled camera-ready 
products to be reproduced as seven clearfilm overlay copies to each of 452 quad 
sheets. In addition, one inventory overlay composited with its screened topobase 
will be produced for each quad. Problem Area Data Forms were transcribed to 
computer tape by data processing personnel. Fror.i this file, AML data can be 
accessed in a variety of formats which, when used in conjunction with the maps, 
provides an operational data base for AML reclamation decisions. 
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REMOTE SENSING APPLICATIONS FOR DATA BASE UPDATING 


Under a third part of the contract, EarthSat will develop a total data 
management system by which the State can update its data base. Initially the 
State will be provided with the data obtained end recorded on computer tape in 
Part B. The tapes will be delivered in a form compatible with the existing 
computer system currently being used by the State. An updating procedure will 
be developed to provide necessary instructions and guidance to the State regard- 
ing the input of additional information. At the completion of the project, DER 
will be self-sufficient operators of the data management system. 

The specific mix of revision procedures is likely to be a modified extension 
of those incorporated in the inventory methodology. A key to the system will be 
flexibility, since it is anticipated that several types of revisions will be 
necessary. These will include, but may not be restricted to: 1) newly discovered 

or reported AML hazards and environmental problems requiring additions to the 
data base; 2) funded reclamation/abatement projects that once completed shall 
necessitate deletion of the original problems from the data; 3) the elimination 
of AML problems through current mining activity that will require the deletion 
of data; and 4) literature source data, such as acid water discharge information, 
that was unverified in Parts A or B that may require revision or deletion from 
the data base. 

Each of these types of revisions will require the collection of both accurate 
and timely data, as well as an appropriate method of transferring this information 
to the data base. New high resolution satellite systems such as SPOT or Landsat-4 
may prove to be valuable tools in the revision methodology. The use of satellite 
aquired data may facilitate selected and narrowly defined aspects of data 
collection and transfer, to include: 1) identification of current mining and 

reclamation activities; 2) accurate data transfer to the existing map base; and 
3) reclamation project monitoring. 

Several investigations have determined that Landsat-1, 2, and 3 were of 
marginal value for detailed surface mine inventory and reclamation monitoring 
purposes. Russell (1977) concluded that MSS data was of little use in the 
implementation and enforcement of the Pennsylvania Surface Mining Conservation 
and Reclamation Act because of poor resolution, data acquisition time delays, 
and costs [5]. Mamula, Jr. (1978), concluded that liSS imagery was valuable for 
the identification of surface mine features only when closely monitored and 
verified by ground truth and aerial photography [6]. The overall conclusion 
from these investigations is that the limitations of the Landsat-1, 2, and 3 
imagery were exceeded in attempts to perform the detailed surface mine feature 
monitoring that is relavent to current state and federal regulations. 

However, imagery from the new and advanced SPOT or Landsat-4 satellite 
systems may be well suited for specifically defined needs of the AML inventory 
updating procedures. The data requirements, such as the need for an accurate 
means of map data transfer, are not likely to exceed the upgraded capabilities 
of either the SPOT High Resolution Visible (HRV) instrument or the Landsat-4 
Thematic Mapper. The 10 and 30 metre spatial resolution of the HRV SPOT and the 
Thematic Mapper, coupled with the availability of this data on an on-demand or 
as needed basis make these systems appear to be desirable components of the AML 
inventory updating [7,8]. Both systems are scheduled for full operational 
status by early. 1985 at which time the imagery will become available commer- 
cial ly. 
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COf^CLUSION 


The Pennsylvania AHL Inventory, authorized by Title IV of P.L. 95-87, Is 
scheduled for conpletlon In 1982. Differences 1n State and Federal reclamation 
program objectives resulted In a compromise Inventory methodology that Included 
literature, field, and aerial surveys. The Incorporation of fundamental aerial 
survey techniques In the methodology proved to be an efficient and cost-effective 
approach to help satisfy the total AML data needs of Pennsylvania. Benefits to 
the State resulting from the application of remote sensing techniques Include: 

• A more accurate and uniform map base 

• A nearly complete AtlL data base 

• Significant Inventory cost savings 

Future applications of high resolution satellite Imagery from SPOT or 
Landsat-4, if used appropriately, are expected to aid the State In maintaining 
the data base In a similar cost effective manner. 
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1 . ABSTRACT 

The dencnd for increased energy production in this country has 
prompted a greater dependence upon surface mining for coal to meet 
the growing needs. Surface or strip mining is a common method of 
mineral extraction particularly popular in Central and Southeastern 
Ohio. If appropriate measures ore not taken to condition the land 
for revegotation, the effects of strip mining can be extremely de- 
vastating to the environment. An effective monitoring system is 
essential to observe the progress of the reclcaation process. 

Using LANDSAT satellite imagery, the reclamation process can bo 
studied on a temporal and continuing baoise Not only can the pro- 
gress of reclamation be readily monitored, but also a breakdown in 
the mining reclamation process can be detected. 

In vietring reclamation, it is important to monitor the mined 
site well past initial revegotation stages. V/lth present mining 
laws and bonding procedures, fast revegetational growth is encour- 
aged, often leading to poor soil fertilizing and inappropriate sta- 
bilizing species. As a result, the initial reclamation may exhibit 
good qualities for one or two years but then may experience vege- 
tational deterioration after the state has relinquished the mining 
company from it*s responsibility. It is this small-scale broalidotra 
in the reclamation process that was detected using an unsupervisod 
classification technique with eight-year temporal LANDSAT imagery 
coverage. 


2. INTRODUCTION 

With the ever rising demand for energy in the United States, 
the increased exploitation of retrievable coal resources has become 
a major objective. Energy consumption continues to grow each year 
by large measures as more demands are placed upon energy resources. 
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Coal roproecnts a valuable oaergy reocrvc for uhicb current 
technological advances have boosted its availability. Frcccnt 
mining techniques capUasise the noct efficient and cost effective 
methods of mineral extraction rhich» in the Eastern United States* 
is that of surface mining. Approximatoly one million hoetcreo of 
land have boon disturbed by strip mining for coal* T?ith pronounced 
devastation to the environment unless concerned efforts are talton 
to restore the land. 


Reclamation of surface mined lands entails several facets such 
as grading, revogetation, sedimentation and erosion control* and 
abatement of acid mine drainage. Although each is an inportont as- 
pect of the reclamation process as a whole* the stage involving re- 
vegetation nas the constituent examined in this study for determining 
reclamation effectiveness. 


Since monitoring reclamation of Bixrface mined lands can bo both 
an expensive and tine consuming task* LAKDSAT data as a monitoring 
tool can play on important role in determining reclamation efficiency. 
The use of LANDSAT for surface mine monitoring has boon domonotratsd 
by numerous rosoarchors (Anderson ot al,, 1977; Bloomer ot al.* 1981; 
Wicr ot al., 1975). 

The literature provides sufficient evidence that LAHDSAT can be 
an effective tool in monitoring mining and the reclamation procoss. 

One of the major beaofits of LAHDSAT data is the availability of 
temporal coverage. To take advantage of this aspect, this study 
addroGGcs itself to the feasibility of assessing these areas wliicb 
havo been previously reclaimed and nay have exhibited some decline 
in the revogetation ooquonce. This will load to tui evaluation of 
those areas which are in need of further roclrantioa efforts after 
the bonds have been returned to the appropriate companies - roloacing 
them from further responsibilities. 


3. THE STUDY AREA 

The reclamation efforts undertaken in Belmont County, Ohio were 
chosen for this study. The region including East-central Ohio has 
been a significant producer of bituminous coal since the 1800's, 
Belmont County has boon a major contributor to this production since 
strip mining was initiated in the county around 1916. Several layers 
of coal are present throughout the county, some of which oro extract- 
ed by deep mining. Most of the coal however, is surface mined using 
the contour method. In contour mining, a bench is cut to expose the 
coal seam that crops out along a valley. Removal of the overburden 
into and around the hill continues until the earth removal makes 
further mining economically unfeasible. The spoils, which cover the 
seam, are deposited 180 degrees from the bench, often filling in the 
adjacent valley. This method of earth removal produces rows of 
spoil material, contributing to the furrowed characteristics follow- 
ing reclamation. 


ORIGINAL PAGE IS 
OF POOR QUALITY 


The unroclainod area 1 g characterised by a high nail, nhich 
Barke the last bench cut into the hillside, adjacent spoil banks, 
and often ssall lakes and oodinentatlon ponds* This is tho sotting 
where reclanatlon must begin* 

Before the reclaoation process can begin, the nlned land cust 
first be conditioned in preparation for vegetation* Top soil is 
replaced and the terrain graced* Reseeding of the area is acconp- 
llshod predoninantly by using hydroseodcro which are popular in the 
hilly Appalachian region for seeding slopes not easily accocoiblo by 
other equipaont* Hydroseeders distribute seed, fertilizer, and sulch 
which are mixed with water to form a slurry that can be applied in a 
single pass over tho area to bo reclaimed* Seed composition varies 
slightly with region and soil characteristics* Seeding mixtures re- 
commended for erosion control contain one annual or short-llvod por- 
ronlal species that quickly establishes initial ground cover, at 
least one porrenial legume, and one long-lived perrenial grass for 
permanent vegetation cever. Tho prosenco of porrenial logumoc is 
especially important because legumes are nitrogen fixing species, 
and their octablislicont in tho permanent cover vegetation cllninetos 
the need for refertilizetion at later intervals* 


4. DISCUSSION 
4«1 Procedures 

LANDSAT computer compatible tapes ^CCTs) containing late suanor 
scones of 1975, 1976, 1979, end 1981 wore obtained from NASA Goddard 
Space Flight Center and EROS Data Center* For each scone, the study 
areo was subset to include Piedmont Lal;o emd tho surrounding strip 
mining activities adjacent to Interstate 70 in Belmont County, Ohio* 
Those data subsets were then transferred to 8 inch floppy discs by 
the Earth Resources Data Analysis Systems (ERDAS) tochnicieuis in 
Atlanta, Georgia, for use in tho ERDAS 400 image processing micro- 
computer system at the Remote Sensing Center of Ohio University* 


4*2 Rectification 

Each image was geometrically rectified to a Universal Transverse 
Hercator (UTH) coordinate aystoa so points of a specific geographic 
area could bo compared for all four images* To perform this correct- 
ion, five ground cont-nl points, whoso exact position could bo loc- 
ated, were chosen and .uoir UTM coordinates calculated from USGS 
7*5 minute topographic naps* Using those five control points, the 
ERDAS 400 computed a linear troneformation from the map coordinates 
to the pixel coordinates which were identified by a cursor. Each 
control point was enter od one at a tine, first with nap coordinatos 
(x,y), and then with the pixel coordinates corresponding to the map 
point. A final error tolerance of 2.00 was specifiod by tho rosoorch- 
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or but plxol correepondence registered to within cn error of 1*05 
or loos for all four rectified isiages. Rectification proceeded 
uslno nccrest neighbor calculations, producing a rectified output 
laago with a 100 ootor x 100 netor cell oizo. 


4*3 Classification 

An unsupervlsed classification was applied to the four geoaotri- 
cally rectified LANDSAT iBcgco involving an interactive cluctorlng 
algorltbn (CLUSTH: ERDAS, 1962). The data oubaeto uero clustered 

with paranetoro sot for 15 clusters for tho 1975» 1976, end 1979 
data and 20 clusters for tho 1951 laago; two standard deviations 
about each neon, and a aininun neon distance of. separation of five* 
Tho category aecns and percentage indexes were saved and transferred 
to an IMGRID (geographic infornation oysten) file, and tho resulting 
loage was classified on tho basis of ground truth inforaation* 
Classification was perfornod on each individual cluster by displaying 
it on the nonitor in a contracting color before final aoclgnaont to 
a cover class* 

Classification of categories for the 1973 1979 data was 

facilitated by high-altitude color infrarod 1:130,000 scclo aerial 
photographs* Those were enlarged and optically registered to USGS 
7*5 Binute topographic quadrnnglos of the study area to a ccnlo of 
1:24,000 by tho General Electric Photographic Laboratory in Beltc- 
villo, Maryland. Black and white 1:80,000 storcopairs were available 
for verification in classifying the 1976 icage* Ground truth inforn- 
ation for tho 1981 scone was provided through oxtenslvo field obser- 
vation. The 1981 data coincides within too days of the actual field 
observation for which nuaerous oblique photos detailing various 
cover categories were taken and their positions recorded on 1:24*000 
USGS topographic naps* 

Tho classification of categories can be defined as follows* 
Reclainod land is any area which wan surface ninod and has since 
been revegetated* Active oining and barren lands combine two spec- 
trally similar categories with barren areas depicting mined aroas 
which have not boon reclaimed. For tho purpose of this study, all 
vegetated areas encompassing forest, croplond, and pasture were 
grouped into a common vegetation category* Water was categorised as 
having little or no sedimentation, and shallow and/or high uodinent- 
ation* A mixed category denoted those areas which exhibited spectral 
confusion* Those were prodoninantiy areas in a combination of 
swjmplond-forost-water, and those areas influenced by tho effects of 
shadows and slopes* 

Following classification of tho four images, a comparative an- 
alysis of reclamation was initiated* Tho 1975 data was used os a 
baseline to identify those areas initially mined and under partial 
reclamation* The 1976 and 1979 classified images provided informa- 
tion on tho extent of reclamation which had taken place since the 
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1973 doto. Having the firot three iaagoa fora the data baoo esblbit- 
ing the reclalnod or rovegotatod areasy the 19B1 data vae then oraa- 
ined to dotect any aroao ohlch were previously claocifiod ao ro- 
claiaed and has olaco experioncod a bi*cakdown in the ravogotation 
proccoD. It is this roclaaation dotorioration with chich this 
study concerns itself. 


5. RESULTS 

The classified inagos for 1973» 1976» 1979» end 1981 displayed 
najor classification differences vhich can be explained by the tca- 
poral nature of the data. Whils reclaimed areas nore easily separ- 
ated in the 1973 and 1976 data, it ^aa found that much of the re- 
claimed land by 1981 had to bo clasoifiod in the vogotntion category 
as it had become spectrally quite oinilnr to the currcunding areas 
of vegetation '•hich had been undisturbed by tho ninins procooc. This 
phonononon uas not soen as a problem in the classification oequonco 
and in fact should be expected nhen dealing uith temporal data span- 
ning 8 years. In tliis tino, early roclenation had undergone at 
least 7 gro\ring seasons and had attained vigor end density closely 
resembling tho undisturbed vegetation. Thus, tho land in vegotatlon 
for 1981 was 58 percent uhllo 1979 displayed 43 percent vogotation 
(Table 1). 

An additional observation for increased porcentasoo of voge- 
tation was that tho area as a whole exhibited a return to a more 
honogoneouB pattern with each subsequent data set. Mixed pixels 
Bclto up 8 percent and 11 percent of the 1973 and 1976^ data rospoc- 
tivoly while only 2 percent of tho 1979 classiilcatioa fell in tho 
mixed entogory. Tho iy8l data, which contained 20 clnstcro to in- 
crease separability of barren areas (duo to increased homogenoity) , 
exhibited no unclassifinblo pixels - a further indication that the 
reclamation process over tho study area as a whole, was positive 
in nature and tho reclaimed sites were showing vegotational stability 
o\er time. 


Table 1 


LAND COVER TYPE 1973 DATA 1976 DATA 1979 DATA 1981 DATA 


WATER 

lit 

1% 

1% 

1% 

WtTER (SEDIMENTATION) 


0% 

2% 

1% 

VEGETATION 

52X 

38% 

43% 

58% 

RECLAIMED 

28;6 

40% 

47% 

38% 

BARREN 

10;fc 

10% 

5% 

2% 

MIXED PIXELS 

8it 

11% 

2t 

0% 
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Tho 1981 classificatioB did rovoal cone orecc nhicU bed czper- 
lenccd a bi*eakdc\ra of rovesetation iclaBslfiod aa barren in an area 
previously in tho roclained category). Although these aroac nere 
eneill and ncattcred in nature, tbie does arguably justify tho uso 
of LANDSAT data to nonitor nining roclaaation cn a broad tcnporal 
basis. The offectivenoss of locating such aroas in nood of further 
reclcaaation efforts trill be greatly enhanced uhen the 30 Eoter res- 
olution espected fron LANDSAT-D becoaes available. 


6. SUimARY OF CONCLUSIONS 

1) Tocporal changes in classification of recleiiced surface cined* 
areas become more evident as tho revegetation assumos cheix'oct*" 
erlcticE which closely roscablo vegetation undisturbed by tho 
mining process. 

2) In a broad temporal sequence, roclained e^cas, in tine,.- develop 
more honogonoity with the surrounding vegetation resulting in 
greater spectral uniformity and consequently less spectral con- 
fusion, 

3) LANDSAT can detect those areas in need of further rovcgotatlon 
at the current 70 meter resolution. 
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based upon environmental and social criteria. Clearly the areas to be first 
reclaimed will be those lands and water that both threaten the public's 
well-being most severely and present the greatest likelihood for successful 
reclamation. 

I and another colleague, John Simpson, were retained as consultants to the 
Division of Reclamaoion. We assisted in the development of the AML program 
and carried out a prototypical study of a highly impacted drainage basin. 

The intent was to establish a model guiding the preparation of data collec- 
tion and analysis for the remaining drainage basins impacted by previous 
mining activities. 

This paper will summarize Ohio's Abandoned Mine Land Process, the Wheeling 
Creek Study Process and the conclusion and future trends for proceeding with 
the reclamation process. 


2. BVALOATIOW PROCESS 

The Abandoned Mine Lands Evaluation Procedure is structured to achieve a set 
of goals. They v;ere defined to generate the information required by the 
Division of Reclamation in identifying AML reclamation projects. They will 
be selected by criteria set forth by OSM and the overall characteristics of 
Ohio Surface Mining Program. The goals are as follows: 

a. To identify lands and waters adversely affected by past mining 
practices that constitute either an emergency of ejrtreme danger 
threat to the public's health, safety and general welfare; 

b. To establish the means whereby reclamation of emergency or extrema 
danger situations from past mining may be initiated as rapidly as 
possible; 

c. To establish the environmental conditions of all remaining 
abandoned mine lands; 

d. To establish the degree to which these conditions threaten the 
public health, safety and general welfare; 

e. To establish the opportunities for public and environmental 
benefit resulting from reclamation of these areas and the likeli- 
hood of successful reclamation; 

f. To establish the means v/hereby certain of these areas will be 
reclaimed based upon an Annua'* Work Plan approved and funded by 
the Office of Surface Mining; and 

g. To establish a procedure enabling the review of any administrative 
decision made by the Division of Reclamation in the implementation 
of this program that directly effects the individual! s) requesting 
the review. 

To achieve these goals, the Division proposed an Abandoneu Mined Land Evalu- 
ation Program that exceeds the technical program requirements established by 
the Office of Surface Mining and fulfills the intent of the Surface Mining 
Control and Reclamation Act- The program is based upon a hiernrchial 
screening process that Initially evaluates those AMI. sites posing the most 
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ABSTRACT 

The intent of the study was to formulate the planning process for a state- 
wide reclamation plan of Ohio abandoned minelands. The plan respond, d to 
the Federal Surface Mining Cwnfcrol and Reclamation Act of 1977. The studj 
included the development of a screening and ranking methodology, the 
establishment of a statev/ide review of major watersheds affected 'y mining, 
the development of an immediate action process, and a prototypical study of 
a priority watershed demonstrating the data collection, analysis, display 
and evaluation to be used for the remaining state watersheds. 

Historical methods for satisfying map information analysis and evaluation, 
as well as current methodologies being used were discussed. In additic'*, 
various computer mapping and analysis pro,jrams were examined tor thciL 
usability in evaluating the priority reclamation sites. Hand methods were 
chosen over automated procedures; intuitive evaluation was the primary 
reason. 


1. BACKGROHKD 

On August 3, 1977 President Carter signed into law the Surface 1. '.ning 
Control and Reclamation Act, PL 95-87. The act establishes minimum national 
standards governing the surface mining of coal. Title IV of the act 
establishes procedures for reclamation of such lands and waters, termed 
abandoned mine lands (AML) . To find the reclamation of these are." s, the act 
ta:tes all surface and deep mine coal production. The Federal Government 
returns 50% of the tax monies generated wi hin the state for AML reclama' 
tion. 

Ohio contains approximately 450,000 acres of surface mines, 600,000 acres of 
underground mines and 4,400 acres of gob piles, as well as 2,500 plus iTii..e 3 
of streams and 2,700 acres of reservoirs degraded as a result of past mining 
practices that are eligible for reclamation funds. Given projected funding 
schedules, reclamation of these areas will require many decades. These 
lands vary greatly in their threat to the public's welfare. Priorities for 
use of the funds, set forth in Section CFR 874, of the Vederal AKu Regua- 
tions center first on the reclamation of areas that threatened the public 
health, safety and welfar.». — .. ■ — » • - - - 




1 


m 



oerlouc thcoato to the public nnd environmental well-being from those olteo 
posing lees nerloua throats. The altos will then be evaluated in descending 
order based upon the severity of their conditions. Therefore, the Intent of 
the Evaluation Program Is to evaluate the present information to the Divi- 
sion staff cn the nrast critical oltoa first thus, enabling the initia- 
tion of necessary reclamation projects as quickly as possible. Areas of 
lessor concern will be evaluated and initiated when projects of higher con- 
cern ate completed. 


The AML Evaluation Program is comprised of five (3) componentoi il) Immedi- 
ate Action Process. (2) Initial Drainage Basin Screening, (3) Drainage Basin 
Reports, (4) Admlnictratlvo Review Procedures, and (5) Annual Work Plan. 

Each Is briefly outlined in this paper (see Figure 1)- 
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2.1 Immediate Action ProcosB 

liands and watcro adversely affected by past mining practices that pose 
emergency or extrema hazard threats to the public's health, safety and wel- 
fare constitute the Program's greatest concern. These categories defined in 
the Federal AML Regulations in Section CFR 872.1>(C) and (E) , correspond to 
the regulations highest reclamation priorities established in Section 
CFR 874.13(A). The Immediate Action Process seeks to distinguish these 
areas from others posing less critical throats to the public and environ- 
mental well-being and to initiate the reclamation required to alleviate the 
threats as quickly as possible. 


2.2 Initial Drainage Dasin Screening 

The majority of Ohio's abandoned mine lands are not emergency or extreme 
danger areas. Reclamation of areas of secondary concern will require 
decades. Therefore, the State must be able to differentiate within general 
areas (drainage basins), lands and waters of greater reclamation need and 
potential benefit from those of lesser concern. A hierarchlal evalatuion 
process that distinguishes general areas (drainage basins) of greater con- 
cern from those of lesser concern prior to the detailed eva3l,uatlon of each 
individual site is required due to the overwhelming amount of work necessary 
to initially evaluate all sites in detail. 

In 1973, the Ohio Board of Unreclaimed Strip Mined Lands conducted a survey 
of the State's abandoned mine lands to identify drainage basins in most need 
of reclamation. Land Reborn , (Ohio Department of Natural Resources, 1974) , 
has become a model for large scale evaluation of abandoned mine lands used 
by other states and the Federal Office of Surface Mining. The Division of 
Reclamation's proposed AML Evaluation Program will use Land Reborn as its 
first step in differentiating areas of greater reclamation concern from 
those of lesser concern. 

The report divided the State's coal region into 79 drainage basins averaging 
approximately 175 square miles. Each drainage basin was evaluated and 
numeric scores assigned for its reclamation priority (see Table 1). Resul- 
tant scores indicated relative need for reclamation in each drainage basin 
and were used to sort the drainage basins into general reclamation priority 
categories. 

Land Reborn provided an excellent initial screening of the State's abandoned 
mine landa. It quickly differentiates those areas of most obvious and 
serious threat to the public and environmental well-being from areas of 
lesser concern. The 25 high priority drainage basins classified by Land 
Reborn and 3 additional drainage basins added by the Division of Reclamation 
in this Plan comprise the 20 drainage basins of high priority to be first 
evaluated in the Detailed Dasin Reports. 


•V.iO 
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Table 1. Criteria tor Acatgn'sent of Rating Veluea 
( lAnd Reborn ) 


Eegligible/ 



Blgh(3) 

•MluatZ) 

UwU) 

Hon« ( 0 ) 

Strip Mine 
Density % 
Totsl Area 

3t 

.65-3% 

.65% 

Ho aban- 
doned mine 
land 

Hlite Drainage 
Poll>'tion 

High iron# sulfate 
and acid levels 
(Acidity 7,100ppw 
Fe 25pptc« SO 4 
71,00ppni) 

Moderate iron# 
sulfate and 
acid levels 
(acidity 100 
ppw» or Fe ID- 
25 ppm# 5 O 4 
600 to 1,000 
ppm) 

No net acidity Net sl%a- 
sllghtly cle- Unity and 
vated iron sulfate 

and sulfate levels (Fe 

levels (Fe 3ppm» SO 4 

3-lOppn, SO 4 SOOppm) 

500-600ppnt) 

Coot Effec- 
tiveness 

$50C/lb. of acid 
abated 

$500-$!, 000/lb 

$ 1 , 000 /lb 

Without 
abandoned 
mine land 

Develofsent 

Demand 

Based on presence of urban area# public access to 
basin* recreational resources# and airports* 

affected 

Economic 

Need 

19% families below 
f)Ovecty level 

12-19% 

11 % 

Without 
abandoned 
mine land 

Pubic Owner- 
ship 

Abandoned mine 
land sites 67% 
publicly owned 

33-67% 

33% 

Without 
abandoned 
mine land 

Public Visi- 
bility 

Abandoned mine 
land sltes-ncar 
major highways/ 
large towns 

Abandoned mine 
land sites-near 
small towns/ 
roads 

Abandoned 
mine land 
sites-not 
readily 
visible 

Without 
abandoned 
mine land 


Vioual Based on distribution and combination of land form and 

Quality landscape pattern. 


2.3 Priority Bassin Reports 

Detailed Drainage Basin Reports utilizing the 79 Land Reborn basins will be 
prepared to provide information to assess environmental, social, and 
economic impacts of past mining on the basins. Necessary decisions about 
the feasibility of reclamation projects and priority action on abando.ned 
mine land problems found in the basins can thus be incorporated into the 
Annual Work Plan. These reports will allow a uniform assessment of 
abandoned mine problems throughout the coal bearing region of the state. 

The best available information gathered is being supplemented with new data 
where necessary and aggregated to sub-drainage basin units of approximately 
10 square miles for interpretation, analysis and correlation to the Federal 
reclamation criteria. All information will be recorded at a compatible map 
scale of 1:24,000 for maximum flexibility. 
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The Intent of the data base Is to enable a reasonable understanding of the 
relationship between the effects of past raining practices and the present 
envlronraental and socio-economic conditions of the area. Only data sug- 
gesting a significant relationship between past mining practices and present 
conditions will be recorded. 

In addition, sites identified through the National AML Inventory will be 
mapped and described. The National Inventory relies upon local input and 
extensive Investigation to identify potential problem areas. It provides an 
excellent means of verifying the spatial data base and generating a compre- 
hensive record of present conditions. 

All information will be mapped, tabulated and displayed in report format. 

The basin report presents detailed description of the basin's present 
environmental and socio-economic conditions and correlates those conditions 
to the effects of past mining practices. Summary recommendations compare 
the basin's conditions to the federal evaluation criteria and present final 
opportunities and constraints affecting potential reclamation. The reports 
will be used by the Division staff ar one method in identifying future 
reclamation projects for Inclusion in Annual Work Plans 


2.4 Annual Work Plan 

To obtain funding for reclamation other than emergency and extreme danger 
projects, the Division must develop and submit to OSM an Annual Vtork Plan as 
specified in Section CFR 886.14 of the Federal AML Regulations. The Plan 
outlines all proposed reclamation and result to be conducted under Federal 
funding for the following year. 

The Work Plan is formulated by the Mined Land Reclamation Section (liLR) 
within the Division of Reclamation. Candidate projects are identified using 
Information generated by the AML evalaution program and local input. Final 
project selection is based upon criteria set forth by the Federal AML Regu- 
lations. 


2.5 Administrative Review Procedure 

Central to Ohio's Abandoned Mine Land Evaluation Program is a review 
procedure whereby any group or Individual may request the reconsideration of 
an administrative decision that directly affects the individcal(s) in the 
implementation of the program. The review procedure is interided to promote 
objectivity, fairness and comprehensiveness in the evaluatica of abandoned 
mine lands and the selection of reclamation projects. 


3. WHEELING CREER DrAIIIAGE BASII? 

The Vftieeling Creek basin in Balmont County represents one of; the most 
severely affected basins in this group and contains a wide v^ariety of 
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environnontal zand socio-economic conditions and thereforet it was selected 
as the basin to dovolp the prototype Detailed Basin Keport which will be 
used as a model for the other 78 basins. 


3.1 Setting 

The Wheeling Creek drainage basin is located on the eastern border of Ohio, 
opposite VJheeling, West Virginia (Figure 2) . The study area is centrally 
located along the eastern margin of Ohio's portion of the Appalachian Coal 
Field. The coal basin is mainly in Belmont County with small portions in 
Harrison and Jefferson Coutnics along its northern borders (Figure 3) . 

Interstate Highway 70 is located on the southern border. It is the major 
east-west highway for midwestorn cities to J7ashington and other eastern 
shore cities. U.S. 40 is a historic toad. It follows along Zano's Trace 
path. Later this path was widened to create the National Road. 



Figure 2. The Study Area and the Ohio Coal Region 


/.t.ti 
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Figure 3. Iftieeling Creek Drainage Basin 


The eastern boundary of the drainage basin is the Ohio River. The major 
stream in the watershed is VJheeling Creek. VJheellng Creek drains 107.7 
square miles. The Wheeling Creek Watershed encompasses 137 square miles. 
The drainage basin is somewhat rectilinear in shape, narrowing near the 
western portion of the eastern 1/3 and is about twice as long as v;ide. 


3.2 Study Process 

The process diagrammed in Figure 4 Included research, data collection and 
mapping of environmental factors of the Study Area. The Study Area boundary 
was defined as the entire drainage basin of VJheeling Creek plus a half mile 
buffer that was extended in some points to include an entire town boundary. 

The data requirement were based on one major objective. The survey was to 
provide a reasonable data for portraying the physical, biological and socio- 
economic factors that need to be considered for "political decisions." The 
cost of reclaiming Ohio's abandoned mine land is expected to cost over $4 
billion. Obviously the present law does not supply enough funds. Also OSM 
criteria for selecting a site is flexible. These points reinforce a politi- 
cal decision. Our role was to supply enough information that was cost 
effective and documented in an understandable format. The data collected 
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Figure 4. Wheeling Creek Study Process 


was based on the best available information. OSM did not v/ant to fund 
studies to produce new data unless it is essential to the process. Also, 
out initial effort was to resist recording everything that was available on 
Wheeling Crook area. Finding available information v/as easy. The hard task 
was to limit the data recorded. 


3.3 Drainage Basin Screening 

The Wheeling Creek Basin Report includes detailed examination of the fol- 
lowing conditions; 

Land Environment; 

Abandoned Surface Mines 
Abandoned Underground Mines 
Existing Land Cover 
Transportation and Utilities 
Historic and Cultural Features 
Physical Features 
Coal Resources 
Problem Areas 
Hydrologic Environment; 

Surface Hydrology 
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Subsurface Hydrology 
Soclo-Econcnlc Considerations: 

Population and Demograpy 

Employment 

Income and Welfare 

County Revenues and Expenditures 

Housing and Building Activity 

Land Values 

Determining the method of recording the information was our most important 
task. There was much discussion about using the computer. Several consul- 
ting firms had approached the Divison with "canned" programs. Our decision 
as to use only hand-drawn maps. The reason was based on the fact that 
actual site selection must bo based upon visual observation. Maps ate 
necessary only to see pattern relationships. This precluded the major 
advantges of the computer. That is the ability to weight data and to com- . 
bine the information in complex combinations. It >/as more important to see 
the information associated with the cultural features and topography of a 
base map. The U.S.G.S. maps at 1:24,000 were selected for the base maps. 

Another reason for not using the computer was that the existing graphic out- 
puts were not legible for most public and political presentations. 

Costs and new advances in computer mapping since the start of the project 
have now compelled us to reevaluate our techniques for future basin reports. 
These points ate discussed further in the next section. 

Some flexibility was necessary in the recording of the information. So the 
data was drawn with ink on mylar and pin registered. The spearation of data 
was influenced by the need to have the maps produced in color in the final 
report. The data v/as combined in different ways by Division personnel and 
ourselves. Four environmental summaries were used in the analysis. Up to 
five mylar separates were combined for one map. On a light table, informa- 
tion is understandable, but blackline prints become fuzzy and color was 
necessary for any group presentation. The labor costs of coloring the maps, 
again, have made up question the process for the other 27 reports. 

The data maps were reduced to 25% of their original size for inclusion in 
the report at 1:96,000. 


4 . SDI23U^y 07 FIiroiKG 

The prototype study has touched on two important aspects of land use 
planning; the type of information necessary for "political decisions" by 
public administrators and ability to record data that can be used in an 
efficient and cost effective manner. The study attempted to give some 
dimension to the dynamics of specific study techniques towards the more 
effecive transfer of information and ideas among professionals and public 
officials and to the public. Follov/ing are the principle observations and 
suggestions emerging from this study: 
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The estimated cost of reclaiming Ohio abandoned mine lands is over $4 
billion. Consequently, the actual decision of reclamaticn will be 
political. This moans the information collection must be clear, under- 
standable and flexible. Thin resulted in less information being col- 
lected. The major tendency was to collect more. In fact, the vast 
majority of njonles will be decided from "on-site" inspection and not 
planning assumptions of collected information. 

The information collected serves as a record of the accumulation and 
analysis of information describing the basic environmental and socio- 
economic conditions, the product of this evaluation is the under- 
standing of the information necessary to identify project sites. There 
is the analysis of the interrelationships of the data and means of 
recording it, which is the body of the study. Soma key points to this 
statement are: 

1) The information was recorded at 1:24,000 which is the most under- 
standable scale for Division personnel, administrators and the 
public. (See Figure 5. A.) The scale 1:250,000, requested by 
O.S.M., was too coarse to be useful as a decision tool. 

2) All information was drawn with ink on mylar and registered by pins 
zo a base sheet. This allowed for reasonable flexibility in com- 
bining different data sets. Blacklinc prints could be run off 
different combinations. The maximum number of sheets that could 
be run at once are 5 sheets. Anything more and the information is 
blurred. To understand this number of combined overlays, the maps 
had to be colored. tSee Figures 5.B-F.) 

3) The limit of 5 sheets v;as not a significant restraint to our work 
but the need to apply color was an expensive procedure not antici- 
pated in the early stages of the study. Other means may be used 
in the future. "Color-key" overlays can be combined up to 40 
sheets and still have reasonable clarity of all information lEaAW, 
1976). tSee Figures 6.A&B.) The computer can combine even more, 
but unlike the mylar or color key methods, cannot show all the 
patterns of each element at once. The resultant combination must 
be shown separately to allow the viewer to dissect what made up 
the actual composite. (See Figure 6.C.) 

The cost for collection and drafting of the information for the study 
was reasonable but to do this for 27 more reports v/ill be quite costly. 
Especially when cost for report printing is considered, there are 
several consideration: 

1) The maps produced in the first report could have been produced for 
70% less if the color art work had been computer scanned for 4 
color separates. 

2) V(ith the advent of reasonably priced micro-computers, good quality 
color data maps are possible, thereby significantly reducing the 
cost of hand coloring maps. Unfortunately there is the trade-off 
of losing cultural features and topo that are on hand-drawn maps. 
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Figure 5. Soir.e Typical Hand Drawn Data Mapa and Composite 
V ...1 •••>»• 4 nn Man fnr hho i na Creek Basin Studv 








3) There now exist hard copy devices that produce quality color 
copies of coinputer naps. (See Figure 6.D.) 

4) Color is necessary for interpretation and understanding of data by 
public officials and the public. 

D. There is a significant need for using remote sensing techniques for 
acquiring data for the remaining 27 reports. The existing visual 
reconnaissance of abandoned mine locations was only moderately 
accurate. The National Inventory found many nines classified as 
abandoned in the VJheeling Creek Study Area to be actually still active, 
thereby eliminating them from consideration under tiie law. 

Land cover data Interpreted from 1:80,000 air photos was very costly 
and tine consuming. The reliability of the data is questicncblo. 

Field checking found several inaccuracies. The usefulness of the infor- 
mation for the Environmental Summaries was limited. Urban oettlcnenfco 
were really the only major classification used. Lower altitude air 
photos would be better but expensive to fly. 

The probability of using LANDSAT to acquire data on eligible abandoned 
mines and land cover (Spisz, 1979) still exists. Low cost micro-compu- 
ters with image enhancement capabilities can significantly reduce the 
cost and enhance the accuracy and speed of classifying the data. 

E. Important characteristics of hand-drawn maps versus ccmouter-drawn maps 
are as follows: 

1) Reasons for using hand-drawn maps: 

o clarity of information on U.S.G.S. base maps 
o ease of recording information by hand 

o the perceived reliance on visual, on-site inspection for the 
final decision 

o lack of need for major quantitative modeling 

2) Reasons for possibly switching to computer-drawn maps: 
o the cost of storing the information 

o limited overlay capabilities of mylar 
o need for color for undestanding combined information. 

With the advent of large federal cutbacks, the abandoned mine lands program 
has changed emphasis from planning and cata collection to an immediate 
action program. There are enough projects to establish and annual v/otk pro- 
gram for several years. l?hen the program shifts to the next project level, 
the basin reports will be completed. At that tine, tl,e advances in computer 
data handling and graphic display should be able to mei.ge the advantages of 
hand graphics and computer graphics. Figures 6.E and 6.F are computer 
graphics examples generated by the Harris Corporation and ERDAS, Inc. These 
vertical and oblique, three-dimensional views are examples of the next 
generation of computer graphics. When they are commonly used, planners 
will bo able to have cost effective and easily understood information. 
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The first decade of satellites for environmental monitoring has been 
dominated by the Government of the United States. Satellites have 
been launched to observe land, weather, water — many different aspects 
of our environment. Although receiving stations to read and process 
the data from these satellites are located in many different parts of the 
world, the majority of satellites have been developed by the United 
States Government. 

However, now the picture is changing. As the United States contem- 
plates its future role in the launching and maintenance of satellites, 
other countries and organizations are coming forward with their own 
plans to enter the field. 

The following descriptions of those who are launching environmental 
satellites in the next 5-10 years will give the reader an insight into 
the purpose for the satellite. 

Descriptions of the satellites and sensors are in the appended tables. 

The importance of these satellites to the user of such data can be 
appreciated when one realizes that the United States Government is 
not planning the continuation of the Landsat program beyond the 
anticipated date of 1988. These other sources of data will ensure 
a continuity of information to the resource .manager. 
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AEROSPACE - AEROS-A A ND B 

The American Science and Technology Corporation, Belhesda, Maryland, 
USA, is developing the Advanced Earth Resources Observations System 
(AEROS). A sister corporation, AEROS Data Corporation, is imple- 
menting a complementary data acquisition system, resource management 
Information system, and renewable resources n.onagement program. 

Taken together, the AEROSpace and AEROSdata systems form the first 
integrated earth observations information management system. The 
Combined Environmental Data Information System (CEDIS) is designed 
for comprehensive natural resources management applications, providing 
resource managers with physical, climatic, and biological information in 
maps and tables. These are updated frequently as inputs to resource 
system status models and operational management models (see Figure 1). 

The AEROS integrated system also produced information for allocating 
resources, especially land, soil, and water resources, to production sec- 
tors in accordance with priorities established by resource managers and 
planners. Mineral exploration information is produced, in addition, such 
that satellite data is fully integrated with field data and other existing 
information. 

The AEROS system is a private sector program, privately funded and 
operated on a commercial basis. As such, it must operate to provide an 
adequate return on investment. The integration of the space components 
with the information processing and resource management programs pro- 
vides investors with balanced and multiple profit centers and clients 
with a comprehensive service. 



EUROPEAN SPACE AGENCY (ESA) - ERS-1 

In order to consolidate the complete range of space activities wliich hud 
formerly been scattered throughout several organizations, the following 
countries joined in 1975 to create the European Space Agency: Austria, 

Belgium, Denmark, France, Germany, Ireland, Italy, The Netherlands, 
Norway, Spain, Sweden, Switzerland, and the United Kingdom. The 
Agency goals are: 

(1) To provide for and promote, c.xclusivcly for peaceful purposes, 
cooperation between European states in the fields of space 
research, technology, and applications. 

(2) To elaborate and implement a long-term European space 
policy and a European space program. 

ESA has been very active in communications and weather satellites, and 
is planning to launch its first occan-oricnted environmental satellite in 
1987. ERS data used alone, or more commonly used in conjunction with 
complementary data from buoys, radiosondes, research vessels, other 
near-surface platforms and otiior satellites in prearranged global or re- 
gional experiments, will enable significant advances to be made in physical 
oceanography, glaciology, and climatology. 


1 


This is of importance in view of the increasing^ development of coastal 
and offshore activities and the adoption by countries of the 200 nautical 
mile economic zone. In addition, monitoring of sea-ice and icebergs will 
be of importance for industrial activities performed at high latitudes. 


FRANCE - SPOT 

The SPOT system, conceived and designed by the French Centre National 
d'Etudes Spatiales (CNES) is being built by French industry working in 
association with European partners (Belgium and Sweden); it consists 
essentially of an earth observation satellite and of earth stations for 
data reception. 

The first SPOT satellite will observe in three spectral bands (in the 
visible and near infrared portions of the spectum) with a ground resolu- 
tion of the order of 20 meters, and in a broader spectral band (panchro- 
matic black and white) with a ground resolution of the order of 10 
meters. 

One of the key features of the SPOT instrument package is the provision 
for off-nadir viewing (i.e., the instrument can "look" to one side or the 
other of the satellite ground track). Among the possibilities introduced 
by this feature is that of increased revisit coverage at intervals ranging 
from one to several days, which should be particularly useful for moni- 
toring localized phenomena evolving on a relatively short timescale. 
Another is the recording, during successive satellite passes, of stereo- 
scopic pairs of images of a given area. 

The follov/ing are among the main applications for the images returned by 
the first SPOT mission: 

o Land use studies. 

o Assessment of renewable resources (agriculture, forestry). 

o Aid to exploration of mineral and oil resources. 

o Cartographic work at medium scales such as 1/100,000, 

development of new types of maps, and frequent updating 
of maps at scales about 1/50,000. 

JAPAN - MOS-i 


As Japan is surrounded by seas, marine resources and the state of the 
seas are of great concern. Also, Japan's dense population and highly 
advanced state of industrialization make an acute demand for the effective 
management of land and its resources. Earth observation satellites offer 
a very useful means for collecting such information systematically. 

Japan's first earth observation satellite, MOS-1, is an experimental satel- 
lite to collect information on earth surf.ace (color and temperature of sea 


surface, land use, etc.) and to establish the fundamental technologies 
which are common to both marine and land observation satellites. 

The conceptional design and the preliminary design of MOS-1 wore com- 
pleted in 1978 and 1979, respectively. The satellite is nov/ under the 
basic design phase. 

Relating with the design of the satellite, the system design of the ground 
facilities are being conducted, and the critical desigpi and construction 
of the ground facilities in Japan were initiated in 1981. 


CANADA - RADARSAT 

In response to a Ca.iadian initiative, the U.S. National Aeronautics and 
Space Administration (NASA) and the Canadian Division of Energy, Mines 
and Resources (DEMR) agreed on November 26, 1980, to conduct a 
bilateral study of the mission requirements for a future satellite which 
would have ns its primary sensor a synthetic aperture radar. The ngree- 
meni was signed by Anthony J. Calio for NASA and John D. Keyes for 
DEMR. At that time. Dr. Calio vnxs Associate Administrator for Space and 
Terrestrial Applications at NASA and Dr. Keyes, Assistant Deputy Minister 
for DEMR. The American effort was given the name FI REX (Free-flying 
Imaging Radar Experiment), and the Canadian program, RADARSAT. 

Apart from the bilateral sharing and discussion of future plans, the major 
activity undertaken in response to this agreement has been to determine 
the scientific and, to some extent, operational requirements for the pro- 
posed satellite. To do this, each country empanelled a science working 
group in each of four areas — ice, oceans, renewable resources, and non- 
renewable resources. 

During the study process, some facts have become clearer about the 
status of SAR technology and its uses. It now appears that tlic best 
current understanding of SAR usefuincss is in the ice area. Here, a 
SAR of sufficient swath width offers tlie unique possibility of enabling 
studies of the dynamics of the ice pack. SAR also can be used to guide 
ships and others operating in polar waters by revealing those areas with 
leads or thin ice. The land resource teams have determined that SAR 
data will bo of considerable use in mapping, geology, and crop studies. 
Currently, the details of how the observations will bo used are not as well 
specified as they are for ice observations, but there is a considerable 
desire in this area for multiple look angles, frequencies, and polarizations 
on a SAR instrument. These capabilities would represent a significant 
advance in technology over tliose SARs flown to date. Understanding of 
how to use SAR data in the oceans area is the least mature at present. 

The range of occajiographic probleais which may be addressed is quite 
broad atui the future proiaise of the tcehn:<iue is felt to be considerable. 

Future plans for the eventual deployment of a SAR satellite arc still being 
developed and remain uncertain. 



INDIA 

India built its first experimental earth observation satellite (SEO-1) 
which was placed in a circular orbit at a height of 525 km by a Soviet 
launcher on 7 June 1979. The satellite is equipped with a visible-light 
and near-infrared television camera with a 1 km IFOV, and also with a 
microwave radiometer. The television camera and the radiometer ere 
transmitting meteorological and oceanographic data. 

A second Indian remote sensing satellite (IRS-1) is to be launched In 
1985. Its instruments for obtaining images will operate on a number 
of spectral bands and will have variable swath widths and resolutions. 
An Indiun-built experimental satellite was launched in July 198C using 
an indigenously built launcher. 



OaiQlNAL PAGE IS 
OF, POOR QUAUr/ 

































oniGmai 

Poor 


pace f3 
quality 



AEROSPACE 

ESA 

FRANCE 

JAPAN 

SATELLITE NAME 

AEROS-A. D 

ERS-1 

SPOT 

MOS-I 

EXPECTED LAUNCH 
OATES 

19C5, 1987 

1987 

1984 

1986 

DESIGN LITE OP 
SATELLITE 

5 YEARS 

3 YEARS 

3 YEARS 

3 YEARS 

PRIMARY SENSOR 
NAMES 

MULTISPECTRAL 

SCANNER 

MILLISENSOR 

ACTIVE MICRO- 
WAVE INSTRU- 
MENTATION 
(AMI) 

HIGH RESOLU- 
TION VISIBLE 
(HRV) INSTRU- 
MENTS 

MULTISPECTRAL 
ELECTRONIC SELF- 
SCANNING RADIO- 
METER (MES5R) 



RADAR ALTI- 
METER (RAJ 

ALONC-TRACK 
SCANNING 
RADIOMETER 
WITH MICRO- 
WAVE SOUNDER 
(ATSR-M) — 

1 FUNDED BY 
1 UNITED KINGDOM 
1 AND FRANCE 


VISIBLE AND 
THERMAL-INFRA- 
RED RADIOMETER 
(VTIR) 

MICROWAVE 

SCANNING 

RADIOMETER 

(MSR) 



PRECISE RANGE 
AND RANGE RATE 

experiment 

(PRAREl -- 
' FUNDED BY 
GERMANY 



ORBIT 

SUN- 

SYNCHRONOUS 

SUN- 

SYNCHRONOUS 

SUN- 

SYNCHRONOUS 

SUN- 

SYNCHRONOUS 

ORBITAL 

INCUNATIOU 

t\o 

1 98.S7“ 

98. 7» 

99.1* 

ALTITUDE 

917 KM 

777 KM 

832 KM 

909 KM 

RECURRENT 

PERIOO- 

CLOCAL 

COVERAGE 

18 DAYS 

N/A 

26 DAYS 

17 DAYS 

LOCAL HOUR OF 
DESCENDING NODE 
AT EQUATOR 

9:38 AM 

10:30 AM 
♦ IS MIN. 

10:30 AM 

10:00-11:00 AM 

REVOLUTIONS/DAY 

14 



M 

MISSION 

OBJECTIVES 

(a) TRANSMIT 
EARTH RESOURCES 
OBSERVATIONS 
,BY DIRECT 
DOWNLINK FROM 
LOW COST, HICM- 
TtCHNOLOCY 
SATELLITES TO 
GROUND STATION 
OPERATORS AT 
BOTH HOME 
AND ABROAD, 

1 

(a) DEVELOP AND 
PROMOTE FCO- 
NOf.UC/COf/.MERCIAL 
APPLICATIONS 
RELATED TO A 
BETTER KNOWL- 
EDGE OF OCEAN 
PARAMETERS 
AND SEA-STATE 

conditions. 

(b) INCREASE THE 
SCIENTIFIC UN- 
DERSTANDING 
OF OCEAN pro- 
cesses WHICH, 
TOGETHER WITH 
THE MONITORING 
OF POLAR REGIONS, 
WILL PROVIDE A 
MAJOR CONTRI- 
BUTION TO THE 
WORLD CLIMATE 
RESEARCH PRO- 
GRAM. 

(a) EXPERIMENT 
ON OEStRAQLC 
CHARACTERISTICS 
OF FUTURE (OP- 
ERATIONAL) re- 
mote SENSING 
SYSTEMS. 

(b) BUILD AN 
ARCHIVE AND 
MAKE AVAILABLE 
A WORLDWIDE 
DATA BASE FOR 
CARTOGRAPHIC 
AND EARTH RE- 
SOURCE EXPLO- 
RATION rURPOSES. 

(c) EXPERIMENT 
ON IMPROVING 
VEGETATIVE 
SPECIES DIS- 
CRIMINATION 
AND PRODUC- 
TION FORE- 
CASTING. 

(d) BUILD UP A 

(a) ESTABLISH 
rUNDAWCNTAL 
TcCHNOLOCIES 
WHICH ARE COM- 
MON TO DOTH 
MARINE ANO LAND 
OBSERVATION 
SATELLITES, 

(b) OBSERVE THE 
STATE OF SEA- 
SURFACE AND 
ATMOSPHERE 
USING VISIBLE, 
INFRARED. ANO 
MICROWAVE 
RADIOMETERS ANO 
VERIFY THE PER- 
FORMANCE OF 
THESE SENSORS. 
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Inter-American Development Bank 
Waohinston, D.C. 20577 
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ABSTRACT 


Bolivia's Geological Service (GEOBOL) is concluding a successful project 
designed to give the Departnent of Oruro the capability to evaluate its 
natural resources using data generated by three United States satellites. 


The Oruro Project saw creation of a permanent integrated Geographic 
Information System (GIS) which will be used to prepare base maps of soil 
characteristics, land use, geomorphology, geology, water resources and 
hydrology. 


The information compiled through the project was stored on magnetic disks and 
tapes to permit periodic updating, retrieval of data on specific aspects of 
development projects, and obtaining various data mixes to analyze aspects of 
prospective development projects. Participating in the project were the 
Inter-American Development Bank (IDB), scientists from the Laboratory for 
Applications of Remote Sensing (LARS) of Purdue University, the United States 
Jet Propulsion Laboratory (JPL) and GEOBOL. 


A prime use of the new system will be in land use planning, particularly as 
regards agriculture. Oruto's most important economic activity is tin and 
tungsten raining, with agriculture limited to small areas. Further development 
of agriculture has been held back by problems associated with overgrazing, 
soil erosion, lack of water, salinity and poor land management. 


Plans are now underway to extend a second phase of the project to Bolivia's 
Department of Potosi. 


The Oruro project is the first digital information system developed in Latin 
America and the IDB has taken the leadership in financing projects involving 
utilization of data provided by earth resources satellites such as the LANDSAT 
series. 


Key words : 


geographic information, data processing, digitize, projection, 
digital mosaic, pattern recognition, pixel. 
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GEOGRAPHIC INFORMATION SYSTEM IN BOLIVIA: A CASE STUDY FOR LATIN AMERICA 

GENERAL CONCEPT 

The field of geographic data processing is beginning to acquire an identity of 
ito own, with an increasing ntimber of papers being presented at national and 
international symposia as well as research results publisheu in scientific 
journals. Geographical data processing systems are perceived by potential 
users as a vehicle by which a broad range of practical applications and 
numerous diverse results can be achieved. These systems of data processing 
pertain to the compilation, storage, manipulation or transformation and 
display of information ccnaaonly represented on maps. Recent advances in image 
processing, pattern recognition and business data management have strenghtened 
the scope of versatility of geographic information systems (Glii). Detailed 
descriptions, categorizations and analysis of Che principal constituents of 
this new field are amply described by Nagy and Wagle (1979). 


PROJECT BACKGROUND 


Bolivia is a South American nation which covers 1.098.581 Km^ divided ^into 
nine departments, extending from 8*S to 24 S in latitude, and 58 W to 70 W ir. 
longitude. 


The pioneer work of Dr. Carlos E. Brockmann a few months after NASA had 
launched Landsat-l in 1972 led to the creation of the Programs ERTS (Earth 
Resources Technology Satellite Program) within Bolivia's Geological Bureau 
(GEOBOL). As the first director of the Programs ERTS, Dr. Broclanann achievea 
numerous practical remote sensing results of rational and international 
magnitude. These achievements convinced the Government of Bolivia, a member 
country of the Inter~American Development Bank (IDB), of the need to request 
funding from the IDB to design a peimanent integrated geographic information 
system (GIS). 


Upon approval of funds by the Bank, a contract was awarded to the Laboratory 
for Applications of Remote Sensing (LARS) of Purdue University, V.'est 
Lafayette, Indiana, tc design the GIS for the Department of Cruro, 
northewestern Bolivia. LARS subcontracted the Jet Propulsion Iwhoratory 
(JPL), California Institute of Technology, Pasadena, California to carry out 
specific- tasks related to the use of Landsat data in the GIS. 


Oruro's most important economic activity is tin and tungsten mining, with 
agriculture limited to small areas. Further development of agriculture has 
been held back by problems associated with overgrazing, soil erosion, lack of 
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FUNDAMEHTAL CHARACTERISTICS OF THE CIS 
DATA STORAGE 


Oruro is within range of the Brasilian Landsat ground receiving station and is 
covered by seven Landsat fraues* The data base, composed of these 

geometrically corrected Landsat scenes, was structured as a digital mosaic. 
The mosaic was constructed by using Landsat computer compatible tapes (CCT's) 
and appropi'itely .'\clected ground control points of known geographic locations 
provided by experts from the Programa-ERTS/GEOBOL. 

LARS scientists designed the Bolivian geographic information system which 
consists basically of a four level-16 element grid cell structure. The grid 
cells were created by constructing a hypothetical plane of 1500 kilometers in 
the horitontal (E-W) direction and 1500 kilometers in the vertical (N-S) 
direction. Therefore, it became possible to place the entire Bolivian 
territory in a squared plane. Furthermore, the plane was horizontally and 
vertically subdivided into 30,000 equal parts thereby generating a total of 
900 million cello which represent squared areas on the earth surface of 50 
meters by 50 meters each. Each cell contains 16 elcmcnto or bytes of 
infonnation. Among the 16 elements arc included the four Landsat HSS 

(multispectral scanner system) bands 4, 5 and 7 and the remaining 13 are: 
cantons, departments and provinces, elevation, geology, hydrology (drainage 
network), land cover and land use, population, precipitation, relief amplitude 
or local relief, slope and aspects, soils, temperature and transportation. 
Bartolucei and Phillips (I960) provide cn in depth discussion about the 
storage requirement and data management system inherent to the design of the 
digital information oystem. 

MAP PROJECTION 


The selection of the most suitable map projection for the Bolivian geographic 
information system was based on the following six criteria: 

1. The mop projection should be well known and easy to compute. 

2. The selected projection should facilitate the production of a whole 
map derived from the fitting of separate sheets. 

3. A single projection should cover an entire region to be mapped at 
scales ranging from 1:25,000 to 1:1.000.000. 

4. Scale error should be kept et a minimum throughout the projection; 

5. Maximum error of area must be rero to facilitate the computation of 
areal estimates cf ground cover by using projection-independent 
algorithms. 

6. Maximum error of azimuth should be minimized whenever possible. 
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Taking into account the six selection rcquirccents Bartolucci end Phillips 
(1980) reviewed the key cbaractcriocics of the moot cossionly need map 
projections (Table 1) and prepared the following selection matrix: 



Proiection 



Requirements 



1 

2 

3 

4 

5 

b 

1. 

UTM 




X 


X 

2, 

POLYGON IC 

X 






3. 

Lambert-Conf . 

X 

X 

X 



X 

4. 

Lambert-Zen 


X 

X 


X 

X 

5. 

Albers 

X 

X 

X 

X 

X 

X 


The results of the selection matrix indicated that the Albers equal-arcs 
projection is the most suitable one for designing a natural resources 
information system for Bolivia. 

LANDSAT DIGITAL MOSAIC 

The Jet Propulsion Laboratory had the rcsponsobility to create a multi-frame 
Landsat MSS digital mosaic of Oruro using a softv*arc developed under the 
VICAR/ IBIS (Video Image Communication and Retrieval/ Image Based Information 
System). The digital mosaic of seven Landsat scenes was prepared in four 
spectral bands. The data were resampled to 50 meter by 50 meter pixels and 
map projected to the Albers equal area projection. Corrections were performed 
to eliminate the effect of atmospheric hare on each scene and betv/een scenes. 
JPL used approx* mate ly a total of 175 ground control points or about 25 points 
per scene during the mosaic preparation. 

STRUCTURAL DESIGN OF THE CIS 

The basic structural design of the GIS appears in Figure 1 where five major 
subsystems (input, data base, management, modeling or analysis, and output) 
arc presented as an integral port of the system. The date base subsyatem is 
composed of an image plane data base and an attribute data base. Each of 
these systems performs separate functions which complement one another and 
strengthen the degree of versatility of the digital informatibn system. For 
instance, the image plane data base stores digiticed maps in the form of 
geo-coded or spatially referenced image planes (Figure 2) whereas the 
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attribute data base contains records which describe information rel'-ted to the 
image plane data base. The elaborate description of the interrelated 
functions and capabilities of the five major subsystems of the CIS is found in 
detail in Bertolucci and Phillips (1981). 

PRACTICAL IMPLICATIONS OF THE CIS FOR LATIN AMERICA 

Even though there exist some commercially available software and hardware such 
as the COMARC system which have been sold to a few developing countries, the 
Bolivian project is the first geographic information system which has been 
constructed with the participation of scientists from the country and 
implemented successfully in Latin America and anywhere in the lliird World. It 
is also an excellent example of what can be achieved in the Third World 

through national and international efforts and scientific cooperation. 

The need to disseminate the concept of digital information system and 
construct appropriate systems in Latin America is based partially on the 
following considerations; 

1. Approximately 18X of South America is somehow covered by reliable 

topographic maps at scales ranging from 1;A0,000 to 1;230.000; a 
digital Landsat mosaic would provide a rapid, efficient and economic 
method of updating such data and generate much needed information 
over regions that have never been mapped. 

2. A CIS can handle a broad range of data, analyse them, and produce new 
information on natural resources. 

3. Large volumes of data can be stored, retrieved and displayed so as to 
aid policy makers in making decisions about development projects. 

A. Current research in the field of electro-optical imaging technology 

will significantly increase the process of converting large-format 
graphics to digital form. As Latin American countries and others 
adopt digital files of mopping, geophysical end other typea of 
graphic data, the demand for highly sophisticated sensor, software 

and hardware will grow rapidly in order to provide efficiency in data 
storage and retrieval on a national and regional basis. 

These observations are only a few which demonstrate some of the 
practical applications of geographic information system in natural 
resources management programs. Clearly the connection exists between 
research in detecting, storing and extracting data on energy 
resources, geologic studies, and global management of such resources 
through a combination of remotely sensed data, geo-referenced 
information and the design of geographic information systems. Such 
examples of practical advantages have stimulated the interest on the 
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part of policy decision makers in Latin America and elsewhere in 
GIS, The international funding agencies like the Inter-American 
Development Bank, the World Bank and others, also have oustained 
interest in financing projects in which GIS offers great advantages 
for assitixag their member countries in meeting national end regional 
development needs. 
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ABSTRACT 

A comprehensive Landsat related resource inventory was performed in parts of 
three West African countries to determine resource development potential in 
areas freed of the disease onchocerciasis. The ultimate success of the project 
lies in the effective use of the data by host country personnel in resource 
development projects. This requires project follow-through, adequate training 
of regional counterparts, and integration of the data into an easily used 
framev/ork. Present levels of support systems and technical expertise in West 
Africa indicate that an automated system for natural resource data is not 
currently appropriate. Suggestions for the greater implementation of such 
inventories are explored. 

INTRODUCTION 

The need for natural resource evaluation and management is especially 
important in fragile environments or wtiere resources are relatively limited. 

These constraints exist in the developing nations of West Africa, particularly 
in the Sahelian zone. They have been the focus of numerous remote sensing 
resource inventories and development projects in recent years, sponsored by the 
U.S. Agency for International Development (USAID), the International Bank for 
Reconstruction and Development (IBRD), and other donor agencies and nations. 

As of May 1982, there were twenty-seven (27) USAID financed projects 
ongoing in the Sahel in which resource inventory and mapping was a component. 
These represent an investment of forty million dollars and a projected investment 
of one hundred million dollars (Taylor, 1982). Resulting from these and other 
efforts is a wealth of information about the natural resources and development 


potential and constraints within the region. The ultimate success of the 
studies, however, depends on their integration in subsequent resource development 
programs. Such integration whereby the resource inventory products are effectively 
utilized is typically lacking, and appears to be contingent upon several complex 
factors, such as: 

Initial and sustained host country involvement and commitment to the 
inventories and their use; 

- An organizational framework within the host country for planning, 
development and management of natural resource programs; 

Proper scale and intensity of inventory which matches the specific 
information needs of the most urgent problems to be solved; 

A requisite number of trained host country counterpart resource 
analysts and planners; 

Adequate counterpart training which provides concrete applications of 
product utilization as part of the training process; 

The inclusion of a vital period of follow-through or phase-out of 
continuing technical assistance and training after the inventory -is 
completed (Taylor, 1982); 

A resource data base which is easily accessed and understood; and 
which both corresponds to and advances the technological status and 
training level in the host country. 

To date, implementation of inventory results has been weakly linked to 
resource analysis programs in West Africa and elsewhere, and many inventory 
products are gathering dust on ministry shelves. This may be due to any or all 
of the above factors. This paper addresses reasons for this with regard to a 
resource evaluation project in the Volta River Basin and explores considerations 
in the choice of an effective system for resource data presentation and transfer. 

PROJECT DESCRIPTION 

Onchocerciasis is one of six major diseases targeted by the World Health 
Organization (WHO) for eventual eradication. The disease is caused by a parasitic 
worm (Onchocerca volvulus ), vectored by a black fly (Simulium damnosum ) which 
breeds in rivers and streams. The disease afflicts debilitation and blindness 
and, before the onset of the eradication program, was the priminary deterrent 
to human resettlement and economic development of many fertile valleys which 
had become uninhabited and unproductive. 

The Regional Onchocerciasis-Free Area Planning (ROAP) project was designed 
to address resettlement problems in the onchocerciasis-free areas of Benin, 

Ghana, and Upper Volta. The ROAP project is the second stage in a three-stage 
program for disease control, settlement, and development of areas uninhabited 
because of the disease. The first stage is an onchocerciasis vector control 
program which was initiated in 1974 under the direction of the World Health 
Organization. The program has successfully controlled the disease in many 
valleys and will continue for twenty years. The second stage, funded by USAID 
and implemented by the African Development Bank, is the preparation of a data 


base containing a natural and cultural resource inventory and an assessment of 
resource development potentials. This task was undertaken by Tippetts-Abbett- 
McCarthy-Stratton (TAMS) and Earth Satellite Corporation in a joint venture, and 
was completed in 1931. The third stage will consist of capital investments 
necessary to implement development plans in selected areas (Brooner and Nichols, 
1982). Within this framework, specific objectives of the resource inventory 
were: 

i - To elaborate and expand basic resource documentation for use in 
onchocerciasis control program areas in the three countries; 

To promote within a regional scale the development of all natural 
resources in these areas, such as minerals, agriculture and livestock, 
water resources, forestry, and fisheries; and most importantly. 

To train counterparts for effective day-to-day use of the resource 
data base in development planning and programs. 

The information base included resources inventory and development potential 
maps and was derived largely from Landsat data, in a multilevel remote sensing 
approach with corroborative field work. 

Specially processed and computer enhanced Landsat imagery was used for 
regional analysis of the 335,000 square kilometre study area. This was supplement 
ed by larger scale black-and-white aerial photography in three subareas (2,000 
square kilometres each) selected for more detailed study. In addition, field 
teams including host counterparts corroborated these data by ground checking 
specific sites and observing areas from low altitude light aircraft. Remote 
sensing methods proved to be efficient and cost-effective for the comprehensive 
coverage of the study area. The approach was especially useful in remote areas 
or over extensive regions of the developing countries vvherc current data were 
unavailable. 

Interpretation of the enhanced images supplemented by ground truthing 
resulted in detailed information on land use and land cover, geology and mineral 
resources, surface hydrology and groundwater resources, climate, and human 
resources (infrastructure). This v;as synthesized into the following categories 
of development potential: Agriculture, Livestock and Rangeland; Water Resources 

and Fisheries; Forest and Wildlife; Minerals; and Candidate Areas for Human 
Resettlement and/or Resource Development. The latter category was a fusion of 
the other classes intended to identify areas of relatively high development 
potential. Twenty-seven (27) such areas were selected as suitable for more 
detailed study. 

DATA BASE PRESENTATION 

The medium chosen to convey the information was a series of thematic map 
overlays registered to national topographic maps, at 1:200,000 scale for Benin 
and Upper Volta and 1:250,000 for Ghana. For resource management and development, 
map overlays can present substantial amounts of infonnation in a simple and 
integrated manner. They are easily distributed to various administrative 
agencies responsible for diverse areas of resource management within each 
government. The overlays were designed to be used as unaccompanied resource 
tools or in conjunction with national topographic maps or the enhanced Landsat 
images. Landmark towns and roads on each overlay served as reaister t»int«. tn 


As an evaluation exercise, computer classification of a Landsat image was 
performed, using black-and-v.-hite aerial photography as “ground truth" to supervise 
the classification, as well as supplementary topographic and soils maps. 

Computer classification of imagery is useful in many situations, but in this 
case the results fell short of those acquired by manual interpretation. Since 
computer classification was based on spectral response only, important environ- 
mental considerations used in hutuan interpretation were excluded, and overlap of 
spectral signatures in this complex environment resulted in significant classifi- 
cation inaccuracies. Manual interpretation of the enhanced images applied 
ecologic concepts of analysis which allowed detail surpassing that of the automated 
technique. In addition, accuracy would require that the classification supervision 
be performed separately for most of the twenty-five individual Landsat images 
used in the project, due to different acquisition dates and resulting variations 
in atmospheric and ground characteristics. Finally, computer classification 
would have provided only the land use/land cover data base, with the remaining 
inventory overlays still requiring manual interpretation. 

For data presentation, an automated geographic information system v;as 
considered. In many ways, such a system would have been suitable for the data 
base. Automated manipulation provides ease of comparing several layers of 
information and has great advantayos when many outputs may be required from the 
same data base (Calkins, 1977). Computer storage capabilities can assimilate 
the large quantities of inventory data and allow rapid retrieval for merging, 
analysis, presentation, or updating of data. However, the task of converting 
data from many sources to the same fonr.iat in machine-readable form is a huge, 
cost-intensive one which requires extensive automated data manipulation and 
interpretation. 

Critical considerations in an automated approach would be the effective 
transfer of this technology to West African counterparts, and the likelihood 
that the data base and supporting equipment v/ould be adequately maintained. 
Installation of such a capability, even at the existing remote sensing center in 
Ouagadougou, Upper Volta, v/ould involve large investments in sophisticated 
equipment by the host countries or the donor agency. This should be accompanied 
by additional operating systems in the other two countries. 

Limiting factors other than initial cost and equipment prerequisites are 
system support and training requirements. In order for a computer system to be 
properly maintained, these minimum requirements are: an assured, continuous, 

non-surge power source; reliable, continuously air conditioned and humidity 
controlled buildings to house the facilities; and trained earth science and 
computer science technicians to perform digital analyses and service the system. 

At present, these prerequisites do not exist in the studied West African countries, 
and until this level of system support and expertise can be sustained, it is not 
recommended that computer-based facilities be installed there (Taylor, 1982). 

DATA BASE UTILIZATION 

iFor effective utilization, it is essential that any framework for using and 
maintaining a natural resource data base be realistically usable in the local 
environment (Poulton, 1982), especially given the extensive amount of counterpart 
training required for adequate technology tra"sfer in any form. 
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planners. The importance of this consideration is recognized by the African 
Development Bank which has specified that the number of development projects 
initiated in each country will depend on the availability of local people trained 
in resource analysis and management. Thus, the training of host personnel in 
remote sensing techniques, field methods, overlay and legend interpretation, 
resource planning and management, and continued applications of resource data to 
planning is a crucial element in determining the ultimate utilization of inventory 
products. 

During the ROAP project, the primary factors which impeded the maximum 
transfer of technical expertise to the counterparts and the application of 
results to development programs were: the scant availability of appropriately 

trained counterpart resource analysts; and the lack of an extended period of 
practial training and technical assistance aft.ir inventory completion, during 
which expatriate analysts could gradually withdraw as the host country personnel 
gained self-sufficiency in the implementation process. These are issues ^/hich 
can and should be accounted for in future resource inventories in Africa. They 
must be considered in the preliminary stages of project design by the fundihej 
agency and the host country, so that adequate time and resources for them are 
allocated (Poulton, 1982). 

COUNTERPART TRAINING 

Within the restrictions of project funding and design, the training program 
that the counterparts did undergo was carefully planned to emphasize practical 
applications while providing instruction in important inventory concepts and 
methods. The instruction team was a multidisciplinary group of scientists, 
planners, and engineers. Components of the training program found to be valuable 
were: an interdisciplinary orientation, extensive documentation on project 

issues, diversified training format, and maximum possible interaction between 
expatriate trainers and counterparts. 

The three main elements of the training program were: a tvro-week course in 

the United States on remote sensing techniques and resource evaluation; on-the- 
job training in each country during which expatriate scientists and technicians 
worked with African counterparts on a day-to-day basis to study specific sites 
during two extended field trips; and a seminar in ivhich counterparts participated 
at projects' end to present inventory methods and results to the administering 
agency and host country officials. This approach was designed to involve partic- 
ipants in inventory methods and familiarize them v/ith the technology for eventual 
application in resourv,e development projects. 

In order for such a program to be successful, host countries should be 
prepared to commit individuals who have training in the earth sciences or natural 
resource management to full-time project participation, both during the inventory 
and after its completion. In irxist West African countries the supply of educated 
scientists and planners is extremely limited. The few specialists v/ho do exist 
are often quickly cycled through government hierarchies and do not remain in 
positions where their project experience can be technically or managerial ly 
utilized. The shortage of scientists sometimes necessitates that government 
administraters be given assignments that would be more appropriately filled 
by people trained in the earth sciences. This was the case in the Volta Basin 
project v/here three of the seven counterparts were government admilnistrators or 


work; they resumed their original duties and were unable to provide the r.eces • 
sary input and support for subsequent use of the resource data. A converse 
situation with a similar result may occur when the few available resource scientists 
attempt to integrate their newly found knowledge in ministry decision, and find 
that they do not have the required leverage \vhich an administrator may enjoy. 

PROJECT IMPLEMENTATION 

Program success also requires the full cominitiiient of scientifically trained 
counterparts for an extended period immediately fol lowing the inventory, during 
which resource development programs are initiated. The inclusion and funding of 
this extended implementation i^riod is a critical element of any natural resource 
inventory. It is also one which has often been overlooked by sponsor agencies 
in project design. The result is that priorities are shifted, counterparts 
resume or are reassigned to other duties, and inventory products are shelved. 
Development projects may then continue on an ad hoc basis, without the benefit 
of the management resource. 

The implementation program should be an uninterrupted extension of training 
begun during the inventory and should result in: 

A thorough understanding by counterparts and involved government 
officials of the methods employed in the project and how results and 
map products were derived; 

A practical knowledge of how the overlays can be manipulated to assess 
resources in an area; 

More detailed study of remote sens;.ig techniques and their continued 
appl icabi 1 i ty to resource management and development planning; and 

Comprehensive education in resource management decisions. 

Ideally, expatriate planners should work directly with counterparts in 
specific applications of inventory data to the planning process. Site visits to 
specific areas would illustrate the relationship b<!tween field observations and 
the resource map overlays. This infomation could then be used to rank and 
select addi tional areas with high resource development potential, and to identify 
projects to be implemented there. 

An integral part of the Implementation process should include presentation 
of metliods for updating the data tx^se in its current form, including the possible 
transuir of the information to a computer-based systetii, when practical in the 
future. 

As counterparts becaiie proficient at data interpretation and its use in 
resource management decision-making, expatriate personnel would be gradually 
pha^2d out, so that at the end of the program each country has a relatively 
sel.f-siiff icient team of resource analysts. The scope and length of the imple- 
mentation period should depend in part on inventory extent and detail, and 
available counterparts and development funds, but a minimum effective duration 
is probably six months to one year (Dodoo, 1902). The cost of the extended 
traininq wriod will also vary accordingly, and may comprise 10-29X of inventory 
costs, [ij 
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COMCLUSION 

USAID is currently considering funding a follow-through program for an 
extensive land use inventory in Mali which was part of a five million dollar 
project. This resource evaluation was conducted by TAMS over the past three 
years and has recently been completed. As part of the project, a Malian team 
was trained in resource inventory and evaliation techniques. The proposed 
program continuation will cost approximately half a million dollars and is 
tentatively scheduled to last two years, so that Malian skills continue to 
develop tov/ards greater self-sufficiency. Hopefully, the focus of the proposed 
follow-through program will be the establishment of a permanent Malian Unit of 
Natural Resource Inventory, Evaluation and Planning (Taylor, 1982). 

It is only through efforts such as the proposed Mali follow-through imple- 
mentation program that natural resource inventories in West Africa will have 
a greater chance of being ultimately successful. In order for the wealth of 
resource information to be fully utilized, there must be an extended period of 
technology transfer during which counterpart scientists and planners achieve 
greater indeoendence in resource management. 

The ease with wtiich this is achieved is determined to a large degree by 
choice of inventory methodology and a data presentation system, and an effective 
counterpart training program. Adequate support for this approach requires high 
levels of involvement by host country officials and technicians, beginning with 
problem analysis in the preplanning stages and continuing through the inventory 
and its implementation in development programs. Close collaboration between the 
funding agency and host country government in terms of project goals and funding 
priorities is required (Poulton, 1982). Equally necessary is the commitment by 
the African government of educated scientists and technicians who can devote 
full time to the inventory and its implementation for an extended period of 
time. 
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This percentage range is based on the cost of the proposed Mali training 
program and an estimation of projected costs lOr further technology transfer 
in the ROAP project. It is a preliminary estimate which is subject to 
revision pending more extensive planning of these types of programs. 
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ABSTRACT 


The main sources of energy in Kenya are electricity, mineral fuels, and woodfuel. 
Electricity and mineral fuels are considered to be the major commercial sources of 
energy, whereas woodfuel (fuelwood and charcoal) are classified as non-commercial. 
Woodfuel is consumed by 90 percent of the rural population and the urban low income 
groups for cooking and heating purposes. The reasons for such high numbers of the 
population using fuelwood are: l) the majority of the people are poor and practice a 

subsistence type economy; 2) fuelwood is inexpensive compared to electricity and min- 
eral fuels; and 3) fuelwood is more readily available for most people. Despite the 
important role forests play in the energy sector in Kenya, they are being rapidly 
depleted because of population pressure, land shortage, and lack of proper management. 


The major causes of forest depletion in Kenya include: conversion of forest land 

to agricultural land, harvesting of trees for lumber and building poles, and cutting of 
trees for fuelwood and charcoal production. Forests are a renewable resource that 
should be managed under the principle of sustained yield. 

Forest resource management is essential for Kenya's economy and energy supply. 
Remote sensing data, particularly LANDSAT has been extensively applied to earth 
resource management including forestry in many developing countries. LANDSAT can be 
effectively used to monitor the extent and magnitude of forest cover change in Kenya 
in order to evaluate the potential for energy supply. Digital processing of LANDSAT 
data provides a reliable monitoring technique for forest resource management in Kenya. 
LANDSAT data analysis was used to illustrate that Kenya's forests are indeed diminish- 
i ng. A mode 1 

FW = FR - C 

FW = Tons of aval I able fuelwood 
FR = Annual forest regeneration 
C = Annual constmption 

was used to make projections for the availability of fuelwood as an energy source. 

The resulting figures imply that Kenya's forest will all but disappear around the end 
of the ZOth century. LANDSAT data analysis for Mau East substantiates these alarming 
findings. 



INTRODUCTION 


Forest resources, particularly in the less developing countries (LOCs) such as 
Kenya, are declining at an alarming rate (Persson, 1977: Barney, I 98 O). The drastic 
changes In forest resource environments are attributed to high population growth 



(Brown, 1978). The absence of adequate resource management programs has made ecologi- 
cal aspects of the man-forest relations as desperate as the economic Issues in the 
LDCs. These countries have mainly labor-intensive agricultural systems. Increased 
food production to meet the demands of growing populations must corns from raising the 
agricultural land base, which primarily implies clearing forests. In addition, 
natural cycles and processes are very rapid and forceful in tlie tropics and sub-tropi- 
cal areas such that once the forests are cleared, chances for self regeneration are 
very slim. Therefore, since forests are a renewable resource that most LDCs depend 
upon for energy supply and other products such as limber building materials and food, 
their management is vital for Inman survival. 

2. MANAGEMENT OF KENYA'S FORESTS 

Kenya is basically an agricultural country with a population of 15.8 million with 
an annual growth estimated at k percent, the highest in the world. Nearly 50 percent 
of the population is engaged in a subsistence economy geared toward acquisition of 
farmland at the cost of forest lands. Consequently, Kenya's forested land, estimated 
at just under 3 percent, is being cleared for agriculture. 

Kenya's forests are under the management of the Forestry Department in the Minlst 
of Environment and Natural Resources. As part of forest management, the Department of 
Forestry is concerned with prevention of soil erosion, establishment of green belts, 
nature reserves, and picnic sites (Progress Report, 1973"1S78). 

Since 1968 Kenya'^ forest policy has basically remained the same as stated in the 
Sessional Paper No. 1. A section of the preamble of the policy statement is given 
below; 

The Forest Estate of Kenya ranks high as one of the country's most 
important national assets in its protective aspect of conservation of 
climate, water, and soil as the source of supply of forest produce for 
all uses by the inhabitants of Kenya; and as a revenue earner of high 
potential. The object of the government's forest policy is therefore 
to lay down basic principles which shall guide the development and 
control of forestry in Kenya for the greatest common good of all. 

These basic principles are described under 10 main heads - reservation 
of land for forest purposes; protection of the forest estate; management 
of t!ie forest estate; industry; finance; employment; local authority 
forests; private forests and other forests not under ownership; public 
amenity; and research and education. 

Under reservation of land for forest purposes, the policy states that the govern- 
ment is determined to reserve in perpetuity the existing forest and, wherever possible 
add to them so as to provide sufficient land in order to; 

1. muintain and improve the climatic and physical conditions of the country; 

2. conserve and regulate water supplies by protection of catchments and by any 
means necessary for the purpose, including the impounding of water in forest areas; 

3. conserve the soil by prevention of dessiccation and soil movement caused by 
water and wind; and 

it. provide for the needs of the country ip timber and other forest produce 
adequate to meet the requirements of the community under a Fully developed national 
economy and to provide the greatest possible surplus of those products for export 
markets. 


^Republic of Kenya, Sessional Paper No. 
Government Printer, Nairobi, 1968. 
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Although there has been no major forest policy change since 1958, there has been 
a shift in emphasis by the government to encourage the establishment of privately 
owned woodiots and planting of trees by local farmers. At any rate where forests are 
under government ownership, a high squatter population has established itself. 

It is interesting to note that the squatter system is used by tlie Forestry^Oe- 
partment for creation of new plantations. The follo^/i ng procedure is followed. 

1. The area is clear-felled by a sawmiller of all mi liable timber. 

2. The area, where possible, is exploited by contractors removing all '•enalning 
produce. 

3- The forest squatter makes a shamba, 

4. The Forest Department plants trees on the third year after clearing. 

5. The squatter cultivates the plantations until the trees are 18 months old. 

6. The Department then takes over the trees and raises them to maturity. 

The squatter movement into cleared forests is not without its own problems. Once 
the period of planting is over, squatters are supposed to move off of the forest by 
the Forest Department after harvestl ng what is considered sufficient crops to justify 
the work they put into clearing the plantations. The Forest Department does not have 
a program for resettling these people. As a result, land shortage and other problems 
force the squatters to remain at the plantation periphery or move to mountain slopes 
where they cultivate land illegally. The removal of vegetative cover on mountain 
slopes increases the risk of soil erosion and impoverishes other resources. Whereas 
this system helped the Forest Department to create new plantations faster and at low 
cost v/hen population was low, it is no longer beneficial because there are no land 
management policies that can help resettle these people av/ay from the forest. 

2.1 Kenya's Forest Removal 


Forest removal is not to be condemned per se . Legitimate, compelling social 
and economic reasons justify some tree removal and forest land conversion. The major 
factors of forest depletion in Kenya are; conversion of forest land for agriculture, 
limber for industrial use and cutting of trees for woodfuel. Although human needs 
are primary in any development plan, both the short-term and long-term economic and 
social benefits obtained from Kenya's forest resources have to be considered before 
their removal. This includes their mananement as a renewable resource under the 
principle of sustained yield, and also the protection and maintenance of the environ- 
ment that will be ultimately useful to future generation‘s. 


The future of Kenya's forests will be determined by decisions on rural develop- 
ment by the government that are not necessarily forestry related, such as food pro- 
duction, energy, land use policies, and population growth. Efforts must be intensified 
to address these fundamental Influences as they affect Kenyan forest directly. 

2.2 Kenya's Energy Sources 


The main energy sources in Kenya are electricity, mineral fuels, and woodfuel. 
Electricity and mineral fuels are considered the major commercial sources of energy, 
whereas fuelwood and charcoal are classified non-commercial. Since the energy crisis 
of the 1970 's, Kenya has been spending a high amount of her foreign exchange on im- 
ported energy which has caused great pressure on the balance of payments, accounting 
for 36 percent of imports in 1 980 compared to I6 percent in 1978 (World Bank, I982). 
At present, the government is trying to seek the development of other sources 


This information v;as obtained from Londiani Forestry School as part of students' 
notes on forest management, I 98 O. 

^Shamba is a Kiswahili word for cultivable land. 




of energy such as geotfiermal power. 

However, Kenya's resource management for energy production Is essintle for the 
90 percent of the population found in the rural areas where electricity cr. ' '“Ineral 
fuels are not used for cooking and heating. In Kenya's Fourth Development Plan (1980) 
energy supplies for the rural population are considered as one major objective in 
improving the welfare of the rural population. In this regard it Is clear that more 
emphasis in energy development and resource management must be placed on the areas 
where the majority of the country's population Is found. In Kenya the rural popula- 
tion uses fuelwood and charcoal as their primary source of energy. Therefore, it is 
necessary that better resource management techniques are employed to ensure continuous 
supply of these products. ORIGINAL PAGE \S 

2.3 Wood fuel Cons Lftipt ion POOR QUALITY 

A nimber of studies to evaluate the potential supply and demand of wood fuel for 
fuelwood and charcoal in Kenya have been done by Chlala, 1972; Uhart , 1975; Kabagambe, 
1976 ; Western, et al., 1979; and Kamweti, I 98 O. Although these studies have assessed 
the importance of woodfuel supply for the rural population in Kenya there exists a 
large gap in our information on forest productivity, per capita consunption of fuel- 
wood in tlie country and the rates of forest regeneration for continuous fuel supply. 

According to Githinji (1978), greater dependence on locally produced energy 
sources will lessen Kenya's dependence on imported fuels, and will save on foreign 
exchange. Looking at Kenya's energy package (Table 1) one realizes that the only 
existing internal energy sources are fuelwood and charcoal forming the highest per- 
centage v/hi le a small percentage is derived from electrical power. Since Kenya does 
not l;avc any source of mineral fuels, to achieve self-sufficiency in energy, there Is 
great need for proper forest management directly linked to energy supply. 

Investigations on fuelwood supply and consunption indicate that fuelwood is high! 
in demand in Kenya. In 1979 a study done on rural energy consumption revealed that 
approximately 20 million metric tons of woodfuel are consumed annually in rural areas 
In Kenya (Western, et al., 1975)* This study based on a sample of h800 households 
taken from across the country indicated chat the pattern of fuelwood consumption varie 
from one province to another. In another survey conducted by Akinga (I98O), the total 
amount of fuelwood consumed in the country was approximately 22 million metric tons. 
Akinga's study went further to illustrate the quantity of woodfuel utilized by various 
sectors of Kenya's economy. 

TABLE 1 

Contribution of Various Energy Resources in 
Total Energy Pack^e in Kenya 197& (in percent) 














According to Akinga (1980) the amount of wood consumed for charcoal assumed a 
recovery of 25 percent. However, since charcoal making techniques are very wasteful 
a good estimate could be determined on the assunption that 11 kg. of wood would be 
required to produce 1 kg. of charcoal. This provides a recovery of nine percent 
(Kamweti, 1980). If this is the case then it takes 15# 53^1,035 tons of fuelwood to 
produce 1, Ii12,l85 tons of charcoal. That means a total of 31 ,750,000 metric tons of 
wood consumed in the country in 1979* This figure obtained from the rural energy 
report conduced by Tuschak (1979) was used as one of the basic inputs in developing 
the model for potential of Kenya's forests for energy supply and making subsequent 
projections in the following section. 


3. THE METHOD 

In calculating the potential woodfuel supply for Kenya's forests, projections 
were made for the whole country based on tl)e following data: 

1. Population figures were projected to the year 2000 using the total population 
figure for 1979 of 15,^27.000 with an annual growth rate of four percent (Central 
Bureau of Statistics, 1979)*, end 

2. projections on the status of the forest were calculated using the total 
hectares classified as forest in Kenya (1,370,160) (Doute, ct al., 1980). 

To evaluate the issue of woodfuel in the country the following nwdel was built 

( and applied to make projections for the availability of fuelwood as an energy supply: 

* FW = FR - C 

FW = Tons of available fuelwood 
FR = Annual forest regeneration 
C = Annual consumption 

Tons of available fuelwood arc derived by taking the total hectares of landcover 
classified as forest in 1979 and multiplied times ^5 kg/m^ or ^50 tons per hectare 
(the mean biomass dry matter of tropical rain forest). (Lieth ct al. , 1975) 

Annual forest regeneration figures are derived by multiplying the actual number 
of hectares classified as forest by 2,200 g/m^/yr. or 22 tons/ha/yr. (the mean annual 
net production of dry matter for tropical rain forest. (Lieth et al., 1975). 

Annual consumption figures are determined by dividing the total population figure 
for 1979 (15,^27,000) into the total tons of fuelwood consumed in 1979 (31,750,000). 

The resulting figure of 2.058 tons per person was kept constant while the consumption 
was assumed to increase with the projected population increase of four percent annually. 

Table 2 shows the results of the calculations for each year from 1979 through the 
year 2000 including the percentage change of hectares of forested land. The projected 
figures actually include forested lands for potential fuelwood which are, in fact, off 
limits. Ttie total forest figures comprise national parks and forest reserves which 
could not be separated from tlx: other forests given the available data. Also, the 
four percent population increase is not likely to be a constant for the next twenty 
years in Kenya. However, a moderate variation is not going to have a major impact on 
the findings of this study. 


LANDSAT DATA ANALYS 


IS 


LANDSAT data for the Mau forest area was obtained for January 3, 1973 and Decem- 
ber 31, 1978 (Path 181, Row 60). The data interval was considered important because of 
readily available data and experience by the authors in monitoring land reclamation 
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TABLE 2 
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Kenya - Forecast of Population Increase, V/ood Availability, 
Tons Regenerated and Consimption per Year (in millions) 


Year 

Population Tons of 
Increase Fuelwood 
at Aval lable 

Tons 

Regenerated 

Tons Difference 

Cons lined in Tons 

Percent of 
Forest 1979 Forest 
Hectares Hectares 

1979 

15>27 

616.500,000 

3O.ll43.52O 

31,750,000 -1,606,1480 

1 ,370,160 

100 

1980 

16,01(^1 

6114,893.520 

30,061 ,1461 

33.091 ,835 -2,958,3714 

1 . 366,430 

99.7 

1981 

16,686 

611 . 935.150 

29.916.830 

314.3141,123 -14,14214,293 

1 ,359.856 

99.2 

1982 

17,353 

607,510.860 

29.700,528 

35.713.862 -6,013.3314 

1 . 350,024 

98.5 

1983 

18,0147 

601 , 1497,530 

29,1406,5146 

37 , 1142,170 -7,735,6214 

1 . 336,661 

97.5 


18,769 

593.761,910 

29,028,360 

38 . 628,103 -9.599,7143 

1.319.470 

96.3 

1985 

19,520 

5814,162,170 

28 . 559,039 

1*0,173,721 -11 ,611*, 682 

1 ,298.138 

94.7 

1986 

20,301 

572,5147,1490 

27.991 ,211 

1*1 ,781 ,082 - 13 , 135 , 201 * 

1 , 272.327 

92.8 

1987 

21 ,113 

558 , 757,620 

27.317,039 

1 * 3 , 1 * 52 , 21*3 - 16 , 135 , 201 * 

1 , 24 l ,683 

90.6 

1988 

21 ,957 

5142,622,1420 

26,528,207 

1*5 ,189,262 -18,661 ,055 

1 ,205,827 

88 

1989 

22,836 

523,961 ,370 

25.615,889 

1 * 6 , 998,315 -21 , 382 , 1*26 

1 ,164 ,358 

84.9 

1990 

23 , 7 l <9 

502,578,950 

214,570.526 

1*8,877,31*2 -214,306,816 

1 , 116,842 

81.5 

1991 

2 U,SSS 

147 8 , 2 7 2 ,ll 40 

23,382.1914 

50,832,518 -27,1*50,5214 

1 ,062,827 

77.5 

1992 

25,687 

1450,821 ,820 

22 .0140,178 

52.865,901 -30,825,723 

1 ,001.826 

73.1 

1993 

26.715 

1419,996,100 

20,533,1143 

514,981 .607 -314,14148,14614 

933,324 

68.1 

199 '! 

27.783 

385.5147,6140 

18,8148,996 

57,179,636 - 38 , 330 . 61*0 

856,772 

62.5 

1995 

18.8914 

3l47.2i7.OOO 

16 , 975,053 

59 , 1 * 66.163 - 1*2 ,491 ,110 

771.593 

56.3 

1996 

30,050 

3014.725,890 

ll4.897.7iO 

61 , 845,304 - 46 , 947,594 

677.168 

49.4 

1997 

31 .252 

257,778,300 

12,602,1495 

64 , 319,116 -51 ,716,621 

572,840 

41.8 

1998 

32.502 

206,061 ,680 

10,0714,127 

66,891 ,716 -56.817,589 

457,914 

33.4 

1999 

33.802 

1149.21414,100 

7,296.378 

69,567,220 - 62 , 270.842 

331 ,653 

24.2 

f 

2000 

35.1514 

86.973,260 

14,252 ,026 

72.349,744 -68,097.718 

193,274 

14.1 
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done using the ERDAS ^00 microcomputer system housed at Ohio University's Ohio Center 
for Remote Sensing. 

Because of the inadequate ground truth data that directly correlated with LANDSAT 
data this study was limited to a cluster algorithim based on unsupervised classification 
procedure (Bloemer ct al., 1981). Using cluster algorithim twenty seven (27) clusters 
were set for spectral groupings in the data (ERDAS iJoO, I982). These groupings wert. 
determined and correlated with forest land cover information, then reduced to three 
distinctive land cover categories, namely water, forested and non-forested land. 

In order to monitor the forest status and determine change over the time Interval 
for each temporal data sets, pixel counts were established for each land cover cate- 
gory and converted to acreages (Pixel XI.I). A comparison of these data was done to 
determine change through visual inspection and compared vjith available ground truth 
(Short, 1982). The percentages were calculated by dividing acreage per category by 
total acreage for the whole subscena for Mau East. 

The results for each land cover category, as noted in Table 3, show a decrease of 
over five percent in forest cover over a six-year period. Visual inspection implies 
that Mau East forest has undergone change both within and at the forest periphery. 


5. RESULTS AND DISCUSSION 

The major scenario in this study is that the total forest area under woodfuel 
exploitation, irrespective of other uses such as limber production and building poles, 
will be completely destroyed by the turn of this century. Figure 1 indicates that 
while consumption rate is Increasing every year, the ability of forests to regenerate 
is declining. This drop in forest productivity is a clear sign that, as population 
increases (Figure 2), consumption rates will accelerate as well. In that case, unless 
forests are well managed, it does not seem likely tliey will survive the great energy 
pressure. 

From a national perspective the future woodfuel energy for Kenya is totally disas- 
trous if present management practices prevail. In fact, the projections demonstrate 
that there will be no forest left by the year 2002 unless proper management and con- 
servation techniques are begun immediately. The trends of future fuelwood availability 
are further reflected in Figure 3* Decline in fuelwood availability is bound to cause 
serious problems in all sectors of Kenya's economy. 

TABLE 3 


Cluster Analysis 


Category 

Pixel 

MAUEAST 1973 

Acreaae 

Percent 

War ^ r 



Ii 666.2 

6.90 

For est 

16931 


2962/4.1 

/43.83 

Non-Forest 

30269 


33295.9 

/49.26 

TOTAL 

6 }kk 2 


67586.2 

39i9 



MAUEAST 1978 



Water 

6151 


6766.1 

9./4O 

Forest 

25168 


2768/4.8 

38. /48 

Non-Forest 

3't082 


37/120.2 

52.11 

TOTAL 

es'jol 


719/41.1 

99.9 



M.lhoM Of tons of foolwood Population in miliion* »V*l«eod 
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Figure 2; Annuel populciion growlh 
(4%) 


Figure 3; Available fuQivvood 
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compares closely with the six percent decrease in forest cover over the same period as 
projected in Table 2. The use of LANOSAT data for forest management can enable Kenya 
to design reforestation programs both at regional and national levels. 

The results of this study show that immediate action must be taken towards effec- 
tive forest management in Kenya. The potential of forests for energy will be realized 
mainly through effective forest management. A nunber of procedures might contribute to 
alleviating the problems of forest conservation in Kenya. 

1. Land conservation measures designed to reduce deforestation and erosion, 
increased reforestation with fast growing productive species to enhance economic re- 
turns should be taken more seriously. Research on various species that can be used 
for reforestation must be part of an integrated approach to forest management. 

2. Improved land utilization practices and higher output on smaller plots v/ould 
allow a sizeable population to be supported without high demand for additional land 
which often is obtained by clearing forests. 

3. The techniques for forest management which exist in Kenya should be intensi- 
fied and brought to greater use with additional inputs for regular forest monitoring 
and updating the data base. 

1». The government should become actively involved in research programs dealing 
v/ith forest management so that financial aid, allocated for resource conservation, 
can be used for that specific purpose and not diverged to other uses. 

5. Local headmen and chiefs should be involved in management programs on the 
district and location level. 


6. CONCLUSIONS 

The measures of forest management advocated in this paper are of themselves un- 
likely to enable Kenya to arrest deforestation and create forests plantations to 
supply energy to support its growing population. What may be done is to reinforce an 
increase in woodlots for every farmer on individual farms for woodfuel supply. This 
might lead every household to assume responsibility for their energy requi rements. 
National forests instead can be harvested to supply woodfuel in the urban areas. 
Illegal forest excision is most likely to continue as a strategy for coping with land 
shortage constraints. Strict reforestat ion measures may be the first step in allevia- 
ting the problem while seeking better plans for settlements. The absence of inter- 
ventions to reduce the rate of decline in forest cover will result in pressure on 
Kenya's resources base in economic production particularly when Kenya is solely an 
agricultural country. The population will become increasingly impoverished as people 
continue to spend their meager income to meet fuel needs, and the v/asteful use of 
resources will continue. A data base must be established by the Forest Department to 
ensure frequent monitoring of forest cover. There is a great need for more data on 
Kenyan forests before conclusive analogy on their potential for energy supply can be 
accurately assessed. Kenya must act fast and on a large scale if the inevitable, as 
projected by this model, is to be diverted. 
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ABSTRACT 


Through its programs to map the wetland types of the Ontario portion 
of the Hudson Bay-James Bay Lowland and of the Canadian Shield region 
of the province, the Ontario Centre for Remote Sensing has developed an 
effective method based on LANDSAT data for the regional inventory of 
peat resources. 

A preliminary delineation of wetlands is provided bj' a geometrically- 
corrected colour composite map printed from the digital LAJ^DSAT data 
using a computerized colour plotting system. A digital classification 
is then performed to identify the location and extent of wetland types 
(e.g., open bog, types of treed fen and black spruce-aider swamp). A 
map is printed from the results of this classification using the 
computerized colour plotter. This colour-coded map, produced at several 
different scales, provides a basis for pre-selecting field sampling sites. 

This paper reports the results of a trial application of the new 
peat inventory method over a 1700 kin^ area of Northern Ontario. 
Helicopter-aided spot sampling based on the LANDSAT-dcrived map vras 
conducted over the entire area. Traditional transect sampling was carried 
out over a portion of the area, so that a comparison could be made between 
the two methods. This comparison indicates that spot sampling based on 
the LANDSAT-derived map produces results virtually identical to those 
produced by the transect sampling technique, in approximately one-fifteenth 
(1/15) of the time and with a proportionate reduction in cost. 


(*) This paper was also presented at the Symposium on Peat and IPeatlands, 
Shippagan, New Brunswick, Canada (September 12-15, 1932) and will be 
published in the Proceedings of that conference as well. 
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Attention Ims increasingly been paid to Canada’s peat resources over 
the past few years, in light of their potential as a new energy source. 

The Province of Ontario is ostensibly one of the most promising locations 
for developing this new fuel, as it possesses some of the country's most 
extensive wetland areas. There is little information available, however, 
on the extent of actual peatiand within the wetlands of Ontario, and 
even less information on the depth and quality of the peat deposits. 

Two preliminary estimates of the extent of peatiand in Ontario 
have been produced to dace. Tibbects (1980) estimates an area of 
160,000 km2, while Monenco Ontario Led. (1981) estimates 258,000 km^. 

The magnitude of the figures and the large difference between them 
are evidence of a need for an accurate provincial peat survey. 

The established peat Inventory method consists in the delineation 
of peatiand areas by airphoto interpretation and grid sampling of 
individual peat deposits. Although effecti'^e for the inventory of 
peat resources at the local level, a more rapid and less costly method 
is required for inventory on a regional scale. 

A practical new regional peat inventory method has been developed 
at the Ontario Centre for Remote Sensing which is based on the following 
two techniques: 

1. The mapping of individual wetland types and calculation of the total 
area coverage of each, by the digital analysis of LANDSAT data and 
computerized map production; 

2. Spot sampling conducted on the basis of LAND SAT-de rived maps. 

This study presents the results of the application of this method to 
a test area in the Northern Clay Belt of Ontario, and demonstrates the 
effectiveness and economy of the method in comparison with the traditional 
survey techniques. 


STUDY AREA 

The study area extends over 1700 km^ of Ontario's Northern Clay Belt, 
between latitudes 48°N and 49®N and between longitudes 81°30'W and 82°30'M. 
Within this area, numerous bogs and fens, varying in extent from less 
than 10 to over 2000 hectares, have a total area coverage of 290 km^. 

The underlying mineral soil is primarily flat-lying lacustrine clay 
deposits. The area is only accessible by helicopter, although construction 
of logging roads has begun. 
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MAPPING OF WETLAND TYPES 

A lANDSAT scene recorded on July 29, 1979, laage number 21649-15384, was 
selected for digital analysis. This date was chosen to correspond with 
the season when the field sampling would be conducted, and to provide a 
good representation of vegetation types. Training sites were selected 
through the visual interpretation of the LANDSAT data, on the basis of the 
author's knowledge of the reflectance properties characteristic of various 
wetland types. A supervised classification of the study area was performed 
using the digital image analysis system of the Ontario Centre for Remote 
Sensing. The clajsif Ication results were then geometrically corrected to 
the UTM grid of the National Topographic Series. 

Two types of hard-copy maps were produced from the LANDSAT data by 
means of an Appllcon Colour Plotter. This instrument is a computerized 
printer which plots lines, curves and polygons at any selected scale, on 
large sheets of ordinary paper stock fixed to a rotating drum. Through 
the use of three ink jots, each applying a single basic colour, 256 different 
shades can be produced. The OCRS has developed software which enables 
the Appllcon system to print a standard map format, complete with latitude 
and longitude references, UTM grid lines, the annotation of features and 
a legend. It takes less than 15 minutes to print one map. Figure 1 is a 
colour-composite map of a portion of the study area produced directly 
from the original LANDSAT data, geometrically corrected to the UTM grid, 
on which bogs and fens, forest types and waterbodies can readily be 
identified. This format was used in the field for purposer of orientation 
and navigation, as topographic map sheets did not adequately identify 
individual wetlands and as .-erial photographs were too cumbersome for this 
purpose. Figure 2 is a thematic map of the classification of wetland typos 
for the same area. Twelve different themes were mapped, of which nine were 
wetland types. The identification of these wetland types, listed below, 
was based largely on the wetland classification system developed by 
Jeglum ^ al. (1974). 

Graralno id-rich open bog 
Open bog 

Treed bog - low-density (5-10% tree cover) 

medium density (10-25% tree cover) 
high density (25%+ tree cover) 

Poor (mcsotrophic) treed fen (a transition type between bog and 

fen, where sphagnum covers a large part of the surface) 
Shrub-rich treed fen 
Cramlnold-r ich treed fen 
Black sprucc-aldcr swamp 

In addition to those wetland types, two forest types were mapped: hardwood 

forest and lowland black spruce forest. These are not strictly required for 
peatland mapping, as the wetland types can be mapped without confusion with 
forested areas, even if the forest themes are not specifically identified. 

The map provides the location and extent of individual wetlands, as well as 
the total area coverage of individual themes across tl'.e map. 
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To tout tl>o aocxiracy of the mapped extent of individual wetland areas, 
six bogs were chosen for comparison with the 1:15, 840-scale standard 
provincial aerial photograph.y . There was a difference of less than 2% 
between the area coverage measurements. In fact, when the LANDSAT-dcr ived 
map was produced at a scale of 1:15,340 in the form of an overlay, the 
mapped bog areas were found to match precisely the areas delineated on 
tlic photos. This evidence indicates that the UiNDSAT-based method of 
mapping the perimeters of general wetland areas is as accurate as the 
most effective conventional metliod, and Is preferable to the expensive 
and time-consuming aerial photographic method for the preliminary 
delineation of wetland areas. 

Within the 1700 km2 area, the classification indicated that bogs and 
fens covered only 290 lun^. The classification of wetland types and the 
production of maps at scales of 1:100,000, 1:50,000 and 1:15,840 over 
the 290 kra2 area required 10 man-days in total. By airphoto interpretation, 
however, to delineate wetland types and to measure their extent at the 
scale of 1:15,840 over the same area would entail the interpretation of 
approximately 370 aerial photographs, then the transfer of the interpreted 
data to basemaps. At least two man-months would be required to complete 
this work, and the resulting map would be produced at only one scale. 

l)a*’a gathered during the present study indicates that peat volume 
cannot be reli-'bly estimated at this stage on the basis of the wetland 
map alone, no matter how it is produced: a range of peat depths from 
1 m to 4 m was found among occurrences of the same bog or fen type in 
close proximity to one another. 


ITKLD S,\M1’1.1NG OF WKTlANn TYPES 

Field work was ct>nducted, using helicopter transport, with the following 
obj ect Ives : 

1. To assess the accuracy of the identification of wetland types on the 
I.ANbSAT-based maps; 

2. To conduct spot sampling of peat on the basis of these maps; 

3. To compare the spot sampling results with the results of traditional 
transect sampling performed in one l.argc hog containing a wide 
Variety of wetland types. 

Peat s.imples taken by both sampling systems were obtained using a 
modified MctTiuley peat auger. Full sampling for either transect sampling 
or l.ANOSAT-based spot sampling included the following steps. A 
botanist fully familiar with wetland types colleeted. Identified and 
recorded plant specimens and est.ihl I shed the wetland types on the basis 
of the dominant species. Ol ht ' scientists, experli-nced in the identifica- 
tion of types of pent, sampled peat layers at 50-cm depth Intervals; 


I 


established the decomposition value of each sample according to the 
von Post humification scale; determined the proportions of Carex , 

Sphagnum , Eriophorum , wood and shrubs present in the peat; and recorded 
the pH value of the surface water mid of the water content of different 
peat layers. The full depth of the peat was measured and the underlying 
mineral soil identified. 

The density of tree cover was estimated on the basis of two or 
three 100 m?- plots, within which the number and heights of the trees were 
recorded, and the area coverage (including branches) of each tree over 
approximately 1.5 m high was measured. The area coverage and number 
of trees were multiplied and the product divided by the plot area to 
determine the percentage tree cover. The proportions of Carex and 
Sphagn um ground cover were identified, the prevalence of hummocks and 
depressions assessed, and the average height of the hummocks measured. 

Peat and water samples were taken for laboratory analysis of the calcium 
content of the water and the ash and water content of the peat. For 
some selected samples, the peat was examined for trace minerals. 

Within the transect survey, full sampling was carried out every 
300 ra; in addition, a measurement of peat depth alone was made every 
100 m along the transects. Spot sampling sites were selected to 
represent all distinct types present on the wetland map, to sample 
different areas of large homogeneous types, and to provide a good spatial 
distribution of samples. Eighty (80) spot samples were taken using 
helicopter transport, which in nearly all cases verified the accuracy 
of the wetland types on the LANDSAT-dcrlved map. The extent of each type 
was verified by the visual comparison of the mapped boundary with the 
transitions between types visible from the helicopter. Some boundaries 
between fens and bogs were as well defined on the ground as they were on 
the map, but the transitions between gramlnoid-rlch bog and open bog 
were not always as well defined. Some instances of confusion occurred 
on the map between poor treed fen and low-density treed bog, where the 
fen had extensive sphagnum cover and little tree cover. When these 
conditions occurred, however, it was also difficult to recognize poor treed 
fen on the ground. For the purpose of peat inventory, it is not critical 
to make a precise distinction between these types. 


COMPARISON OF SAMI’LING METHODS 

One test bog 6.3 kn^ In area was selected which was knovm from the lANDSAT 
colour composite to contain all of the previously-described bog and fen 
types. Four transects along which sampling was performed in this bog are 
delineated on a 1:15, 840-scale aerial photograph in Figure 3. Although 
fens, open bogs and treed bogs can be identified on this photograph, 
no distinction can readily be made between poor treed fens and treed 
bogs, and among the different densities of tree cover on treed bogs. 

Figure 4 shows the tost bog on an aerial photograph at approximately 
1 : 60,000-scalc , on which only a few of the types can be clearly identified. 
However, a I.ANDSAT colour-composite, printed at 1:50, 000-scale (Figure 5) 
permits all the types to be distinguished by their reflectance characteristics. 
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These types are then readily classified and mapped (Figure 6). It is 
significant that no training sites for the classification of the study 
area were taken from this bog: the accuracy achieved in the mapping 

of types is purely a result of the classification procedure. A computer 
print-out (Table 1) provides the area coverage for each type within a 
few minutes after the classification is completed. This information 
can then be included in the map legend. 

Ten spot sampling sites marked on Figure 3 were investigated within 
one day. At each site, the wetland type identified on the map was found 
to be accurate. Figure 7(a) to (c) shows aerial views of some of the 
types. It took the same size of field crew 5 days to complete the 
transect survey, which consisted of 28 full samples and 48 separate 
peat-depth samples. 

Table 2 compares the results of the transect and spot sampling 
methods. The spot sampling was completed in one-fifth of the transect 
sampling time; nevertheless, the difference betwecen the results of the 
two methods for average overall peat thickness and average thickness by 
decomposition class is insignificant. The minimum depth was the came for 
both methods; the maximum differed only by 5 cm. Peat profiles interpolated 
from samples taken along each transect are shown in Figure 8(a) to (d) . 

The thickness of the peat is shown with reference to a horizontal which 
does not represent the terrain surface exactly, even though there was 
very little topographic variation. 

During 5 days of transect sampling, a distance of 7.5 km was 
surveyed, for an average rate of 1.5 km per day, covering 5 to 6 full 
samples. No significant increase in this rate can be expected because 
of the difficulty of walking between bog sampling points. 

Five other large bogs were selected for a comparison of the 
sampling methods with regard to average peat thickness moasureraentc 
alone. Full spot sampling was performed in these bogs using helicopter 
transport; the transect sampling, however, consisted only of peat depth 
samples every 100 m, which were completed at the rate of 2 to 3 km per 
day. Table 3 indicates that the mean peat thickness measurements 
obtained by both sampling systems are almost identical. The results 
presented in both Tables 2 .and 3 indicate that transect sampling doc.s 
not provide any information on average peat conditions in a given deposit 
over the above the information provided by l.ANDSAT-bascd spot sampling. 


DISCUSSION OF THE COMPARISON RESULTS 

From the foregoing comparison of the traditional transect sampling 
and IJ\NDSAT-based spot sampling methods, it is possible to evaluate the 
efficiency of each method for a regional peat inventory. 

Within the 1700 km^ study area, peatland extended over 290 kra^. 
When hlgh-dcnsity treed bog areas are excluded from the survey, the 






remaining peatland measures 200 km^ in area. This area was surveyed 
by the spot sampling method within 10 days. Extrapolating from the 
5 days required to sample along 4 transects in the test bog (a 6.3 lon^ 
area), it would take at least 150 days to complete the entire 200 km^ 
area by transect sampling. A study prepared by Peat Consultants 
Finland Oy (1982), suggests that for a preliminary survey by the transect 
sampling method, 100 hectares could be completed within 1 to 2 weeks. 

On the basis of the lower estimate of one week, it would take 200 weeks 
(over four years) to complete the 200 km'^ area. The purpose of any 
preliminary sampling is to achieve a basis for the selection of areas 
for operational peat extraction. The results of the present study 
indicate that the spot sampling method provides an accuracy comparable 
to that of the transect survey method, in at least one-fifteenth (1/15) 
of the time. Since the majority of peat surveys in Ontario v;ould be 
conducted in areas accessible only by helicopter, the field expenses 
per day of both sampling systems would be virtually the same. It is, 
therefore, safe to estimate that the cost of the LANDSAT-based spot 
sampling method would be, likewise, one fifteenth (1/15) of the cost 
of the transect sampling method. 


CONCLUSION 

Over the 200 km^ peatland area surveyed in this study, no significant 
deposits of peat with a decomposition level of more than 5 on the 
von Post scale were found. The minimum decomposition level required 
for fuel peat is 6; therefore, the peat present in this area, where 
useful at all, is only suitable for agricultural use. Some areas of 
peat with a decomposition level of 6 or 7 weru encountered, but either 
in isolated pockets or in thin layers. 

In view of the very small proportion of fuel-quality peat to the 
total peatland area, the following two conclusions can be drawn; 

1. The most rapid and cost-efficient survey technique available 
should be employed to locate areas of fuel-quality peat; 

2. The preliminary estimates of the extent of fuel peat produced to 
date for Ontario may be unrealistically high. 
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PEAT BOGS IN NORTHERN CLAY BELT 


COLOUR COnPOSITE MAP OF LANDSAT DATA 
PREPARED AT C.C.R.S 

SCALE 1:125000 

1 I I ] I 


A colour-composite map of a portion of the study area, produced from digital LANDSAT data 
TKo 1 nniniirc; Hnd-fr.ate boes and fens; the dark colour indicates black spruce forest; 
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Fig. 3 
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Fig. 4. 1:60, 000-scale airphoto of the test bog, on which no clear distlnctJ.on 

can be made among wetland types. 
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Fig. 6 . A thematic map showing the wetland types within the 6.3 km^ test bog. 
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c. 




fa. 

Fig. 7a-c. Photographs taken front the helicopter 
showing the ground conditions of some 
of the wetland types in the test bog. 

(a) Open bog with graminold-rich patches. 

Spot sampling sites 5 and 6 (see Figure 3) 
were located within this type. 

(fa) A poor treed fen/bog complex located in 
the middle of transect AB (Figure 3). 

(c) An area in the northwest part of the 
test bog containing poor treed fen 
(light green) and shrub-rich treed fen 
(dark green) . These types correspond 
to sampling points 1 and 2 (Figure 3). 
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Fig. 8 a-d : Peat Profiles interpolated from full samples 
taken along each transect every 300 metres 
Depth measurements are made every 100m 

(Transects are marked on fig, 3) 
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KNKRCY FACILITY SITING UY MLANS OF KNVIKONMENTAL MODELLING WITi! LANDSAT, 
THEMATIC liAPPER /aJD GEOGPvAPHIC INFORMATION SYSTEM (CIS) DATA 


Users Ba ck);round Information : 


1. Pennsylvania Pov;er and Light (PP&L) Is a public utility that provides 
service to about 1 million customers in a 29-county area in central-eastern 
Pennsylvania with test site index map locations (Figure. 1), The service area 
Includes the major population areas centered on Harrisburg, Wilkes-Barre, 
Allentovm, Easton and Lancaster. PP&L luas the responsibility of providing 
adequate electrical power to its customers in a cost effective manner. To 
accomplisn this, it is essential that the company be able to predict customer- 
growth trends and to closely estimate future power needs for all segments 
within its service area. 


2. The Nucle.ar Regulatory Commission (NRC) has the mandate to assure that all 
proposed nuclear power plants meet the stringent structural and environmental 
safety constraints dictated by present Federal regulations. Many of the factors 
required to evaluate proposed plant sites and estimate their effects on the 
regional environment can be measured and modelled by incorporating remotely 
sensed data into a CIS. 


Dose r lj> tion o f R emo t c Se nsi ng A ppl ications in the Context of the User's 
Buslnef; s/Mins Ion: 


In support of its requirement to accurately project future power requirements, 
the PP&L Company has developed a land cover data base for its entire service 
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area; Llie information sources are currently based on ground and aircraft surveys. 
These data arc now being routinely used for modelling electricity requirements 
in areas of future growth, predicting where generating capacity will be 
required, and modelling the effects of alternative generating plant and trans- 
mission line sites on tlie local and regional environment. The data are 
stored in a CIS based on a system developed by the Environmental Systems 
Research Institute (ESRI) . This CIS is nearly Identical to the one currently 
being used at CSFC for ERRSAC and the Earth Resources Branch research. 


NRC is responsible for compliance with the National Environmental Protection 
Act (NEPA, 1969) by the nuclear power industry. This act requires that terres- 
trial and aquatic resource inventories be made and included with descriptions 
of preferred proposed nuclear generating station sites and transmission corridors. 
This forms a part of the information required from energy corporations before 
environmental Impact assessments can be completed and construction permits 
Issued. In the past, applicants response to NEPA regulatory guides has been 
to provide ever increasing volumes of data which do not necessarily always 
Increase assessment eompr elu^ns ion . Due to the site specific nature of environ- 
mental assessment, obtaining detailed information has proven to be a costly, 
time consuming operation. Development of an acceptable satellite-based CIS 
would facilitate botli the preparation of environmental impact statements by 
power companie:; and assessment of the data by NRC authorities. 

D^ls cooperative project will demonstrate tlie metliodology for incorporating 
satellite data into an existing operational CIS. The project will further 
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evaluntc the ability of Batellir.u data In modelling environmental conditions 
that would be applied in the preparation and assessment of environmental Impact 


statements. 
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Data Integration/Remote Sensing at 
Los Alamos National Laboratory: An Update 


Susan B- Freeman 
Stephen L. Bolivar 
Thomas A. Weaver 
Los Alamos National Laboratory 
Los Alamos, New Mexico, USA 


The DIRS (Data Integration/Remote Sensing) program at Los Alamos National 
Laboratory was begun two years ago to develop efficient interpretive tech- 
niques for use on very large quantities of data. Some of these large data 
sets, for example, Landsat satellite imagery and geochemical sampling 
programs, represent tremendous resources for the geological sciences, but 
the analysis of these data is slow. The DIRS program has evolved through 
three phases: development, exploration applications, and, currently, regional 
geologic studies. This work is currently being performed on the CRAY-ls at 
Los Alamos. 

The first pfiase was the development of the integration and display tech- 
niques. Twenty-two data sets from the Talkeetna lOx3° quadrangle, 
Alaska, were used, including 17 elements from the NURE (National Uranium 
Resource Evaluation) geochemical data base, NURE airborne geophysics, and 
geology. Kriging was used to interpolate most data sets to a standard 3-km 
grid, and all data sets were put on the same grid. Using image-processing 
concepts, computer routines were developed that displayed each data set as an 
image. Correlation analysis was investigated by overlaying three data 
images, projected in the throe primary colors. 

The second DIRS phase involved a study in the Montrose l°x2° quadrangle, 
Colorado, to identify areas of mineralization. The number of data sets used 
in this study was 35, and included Landsat imagery, 25 elements from the 
NURE geochemical data base, NURE airborne geophysics, geology, and mine and 
mineral occurrences. Again, kriging was used to interpolate the geochemical 
and geophysical information to a 1-km grid. The Landsat imagery and the 
geologic information were subsampled to the same 1-km grid. The routines 
developed in the first phase were refined, and a classification scheme was 
developed. In one application, areas that had similar characteristics to 
the uranium districts in the quadrangle were identified. Using the three- 
color overlay and the mine and mineral occurrence information, areas favor- 
able for copper, lead, and zinc mineralization were identified. Field work 
has verified the validity of both techniques. 

Work has now begun on combining data into state-wide data bases and analyzing 
the data on a regional scale. Geochemical atlases are being produced for 
Alaska and Colorado. The data bases will initially consist of NURE geochem- 
ical data and digitized geology. The Alaska data base includes over 61900 
sample locations. The Colorado data base includes over 16800 sample loca- 
tions. Each sample location has 55 geochemical and field parameters associ- 
ated with it. The Alaska atlas will be produced with a 5-km grid cell, and 
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the Colorado atlas will have a 3-km grid cell. The Alaska atlas, similar in 
format to the Wolfson Geochemical Atlas of England and Wales, is scheduled 
for printing in early 1983. The Colorado atlas will follow at a later date. 
Several important facts have been determined from the DIRS study: reconnais- 
sance-scale data can provide information about mineralized areas and define 
mineral districts; multivariate information can be integrated and evaluated 
in an efficient manner; and the quantity of information extracted from an 
integrated data base is larger than the total amount of information extracted 
from each data set separately. In addition to resource evaluation, computer 
routines developed during this study can be used for facility siting, identi- 
fication of natural hazards, and basic geological, geochemical, and geophys- 
ical studies. 
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Remote Sensing can be of integral importance to the solution 
of energy problems. The manner in which the technology is 
used depends, of course, on the nature of the problem. These 
problems range the gamut from locating new sources of petro- 
leum to locating power plants and transmission corridors to 
monitoring pollution from facilities. In nearly all instances, 
remote sensing is one input into a larger system for the 
solution of the problem. 

The NASA Ames Research Center has been involved in energy pro- 
jects for a number of years primarily in the role of providing 
assistance to users in the solution of a number of problems 
related to energy. The underlying thread to these projects 
has been the production of data bases which can be used, in 
combination with other sources of information, to solve 
spatially related energy problems. 

Six project activities at Ames are described which relate to 
energy and remote sensing. Two of these projects involve 
power demand forecasting and estimations using remote sensing 
and geographic information systems, two others involve trans- 
mission line routing and corridor analysis, one involves a 
synfuel user needs assessment through remote sensing and the 
sixth involves the siting of energy facilities. 



. uuMuorti ct.ioui-uouiiJObici.* map or cne test bog, on 

which different wetland types are readily distinguished by their 
reflectance characteristics. See Figure 6 for an identification 
of each type. 
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Land cover infornation generated through Landsat image analy- 
sis can be a useful component in siting analysis, specifically 
as an input into cost feasibility or environmental ir.ipact 
analyses. One of the corridor analyses and the waste disposal 
project are both using simulated Thematic Ilapper data. The 
other projects all utilize Landsat Kulti-Spectral Scanner 
(MSS data generated by Landsats 1, 2, and 3) . 


CORRIDOR ANALYSIS 


Corridor analysis involves the selection of a route through 
which a resource or phenomenon can be moved in some manner. 
The primary consideration is that the route fulfill some 
least cost, environmental, or other constraints. The Pacific 
Gas and Rlectric Company (California) has cooperated v;ith 
NASA in two projects specifically evaluating the potential 
uses for remotely sensed data in electric transmission line 
corridor cost analysis. The Gates to Gregg (PG&E) 500 kilo- 
volt Corridor Analysis (Borgis et al, 1982), completed in 
June 1982, evaluated the costs of corridor right of way 
acquisition through an agricultural area in Fresno County. 
California. 

The Pacific Gas and Electric Company liad had a proposal i^r a 
transmission line between the Gates and Gregg pov;er sub- 
stations (in the San Joaquin Valley) rejected by the 
California Public Utilities Coirmission on the ground that 
alternatives were insufficiently examined. One of IG&E’s 
efforts to obtain additional data involves a joint researchi 
project with ^IA£.^ Am.os Research Center to evaluate Landsat 
MSS data as a tool for obtaining information on various 
alternative routes. From NAS.A’s perspective, this would be 
a useful demonstration of a potential application for Landsat 
data. As a result of the effort a map was created of agri- 
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factors include the cost of trellis v;ire grounding if vine- 
yards are present, and the high land acquisition cost of 
tomato fields. PG&E v;ill be using this data in future 
discussions with the Public Utilities Commission v;hen efforts 
for a corridor authorization are resumed. 

A second corridor analysis project carried out v;ith PG&E began 
in early 1982. The Transmission Line Routing Joint Research 
Project involves an examination of basic issues concerning 
features relevant to corridor analysis which can be detected 
v;ith the thematic m.apper sensor. The Thematic Mapper (TM) 
has seven spectral channels and 30 meter resolution, an 
improvement over the four channels and 80 meter resolution 
of the Ilultispectral Scanner. This four year project involves 
delineating: 1) Crop types having specific cost impact in 

transmission line routing (specifically tomatoes and vineyards, 
both of which v;ere difficult to separate with MSS imagery) , 

2) the agricultural infrastructure (roads, canals, irrigation 
patterns, row direction) , 3) riparian vegetation and small 
water bodies (areas of unique ecologic interest) , and 4) rural 
subdivision developments. Because of the greater spatial, 
spectral, and radiometric resolution of the Thematic liapper, 
the project is also developing and evaluating advanced image 
analysis techniques, many involving texture, in order to 
better utilize the added information. 

POWER DEILMn'D FORECASTING 

.^nother project involving the relationship of land use/land 
cover to resource demands (Clayton, 1981), resulted in an 
assessment of some relevant issues v/ith remotely sensed as 
one component of a data base for power demand forecasting. 

It v;as observed that remotely sensed data by itself is 
insufficient to calculate energy deraand; the data must also 
be integrated with socio-economic and demographic data in a 
data base. As the latter are commonly tabular data, the 
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data base system would include and be able to manipulate both 
spatial and tabular data. Landsat data is mentioned as a 
major potential source for spatial land cover. A major por- 
tion of this effort centered upon change detection and 
prediction techniques. Presumably, this is because land cover 
and power demand changes are assumed to be dependent variables. 
The reader is directed to Clayton's paper for a description 
of image change detection concepts, and change prediction 
m.odels . 

In addition to demonstrating applications using remotely 
sensed data in the utility industry, Ames asked the 
Environmental Systems Research Institute (ESRI) to survey the 
current uses of remotely-sensed and other spatial cat;’, by the 
utility industry. Carried out by William Hodson (ESRI, 1981), 
the survey consisted of a questionnaire survey of 12 utility 
companies. The results indicated that three cited no use of 
any spatial data (for purposes other than billing) , six used 
the data in a computer automated form. The final three 
indicated that they had used remotely sensed data other than 
Landsat. 

Interviews were conducted v;ith four utilities actively using 
remotely sensed data: 1) Pacific Gas and Electric, 2) Southern 

California Edison, 3) Houston Light and Power, and 4) Pennsyl- 
vania Power and Light. Each of these companies used automatic 
spatial data bases, including aerial photography derived land 
use, and with the exception of Southern California Edison, 
each had used Landsat data. 

ESRI formulated several conclusions based upon the results of 
the questionnaire survey and interviews. The larger utilities 
v;ere investigating automated geographic information systems 
for use in siting and environmental analyses. Energy demand 
forecasting was conducted through econometric modeling without 
any spatial reference. ESKI noted that wl'.ile accurate in the 
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pant, econometric nodels no lonqor accurately project energy 
demand . 

WASTi: niSPOS A L IMPACT ASSddSriKWV 

Our wante disposal impact assessment project is being carried 
out in conjunct iou v>rith ’.\’oi>dv/a rii Clyde Consultants, Tlie cur- 
rent test site is located in the Caniuinor. t?traits region of 
San I’rancisco Pay (a subsoiiuent test site v/i 1 1 soon ue 
developed) . '"he purpose of the project is to investigate the 
use of Tl'.d-der i ved. data for: 1) Identi f ication of v.Mste 

disposal impacts resulting from etu'rgy-orienteil facilities, 
ami 2) non i tin' i mi existing hvir.anU'Us \;aste ilisposal facilitie 
'i'lie development ami utilisation of remote sensing tecanigues 
fi>r mo!\itoring these facilities shiiuld. be of great i m;ioita.:ce 
in insurinq a raticmal location am', distribut imi of t ne 
act i V i ty . 

Util TM d.\ta is available, this ph.ise li.is emplv'iyed ii.it.> 
collected with an airborne sc.inner. The P.ied.i 1 us Pl;I-12t>0 
airborne scanner mount eii on fae i;:t-2 hiqh .iltitude airciaft 
w.is confiiiuroLl to i>rovivIe ilata with spectr.il .iml sp.ati.ii 
ciiar.icterist ics ne.irly iilentic.al to those of the 'i'hem.itic 
Mapper on [..imisat 4. iim/ever, in oriler tr> initi.ite .in.ilysis 
inior to t’ae .Availability v'f fully configured T.''1S dat.i, 
research ‘oeii.in witli .in existing .lireraft d.it.i set t>ver t lie 
pilot test site to be u'-d.iteii with a fully con f i gureil d.ita 
set. In the current effort, wi fa .in emph.isis on the tievelop- 
ment and testimi ot d.iiiital techniques, the initi.il analysis 
of parti. illy ciMifiqured TMS dat.i provided llu' b.isis for 
develoi’itig .i dc'tailed uesiiin for fne next ph.ise. Tlie current 
v;orI: includes .in .issessment of softw.ire reiut i rement s , 
spec i f i c.U ion of new softv.Mie lievi' 1 opment .imi testing v->I 
softw.ire lievelopci' .iml imi'lement t'ti in support v>f the pro ii'i't . 
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A reliable land cover nap of the Carquinez pilot test site 
v/as required to provide the basis for determining the prox- 
imity of urban classes and v.’ater to abandoned and existing 
hazardous v;aste disposal sites. To meet this objective, 
three separate land cover classifications were generated, 
each from a different combination of bands; 

o Landsat IISS equivalent bands 
o Four optimal TIIS bands 
o Five TMS bands plus texture 

The Landsat equivalent band classification provided baseline 
information v;lien compared to the other two classifications. 

The optimal t: 1£ classification gave an indication of the level 
of information available in the four most favorable Til bands. 
The six-banded (five TMS bands plus texture) classification 
v/ill encompass all available TMS bands, including texture for 
addition of a spatial element. 

These classifications \;ere evaluated by means of a random 
generation of 2 x 2 pixel sample sites so as to produce a 
reference data set. Ninety one (91) of these polygons were 
then merged into a three band image (TM equivalent bands 2, 
d, aiid 4) and displayed. The locations of the random polygons 
v/ore photo-interpreted on color infrared photographs and 
assessed on topographic maps. 

SYWFUELS L'SCR NEEDS AESESSMEM T 

A project with the synfuels industry involved the identifica- 
tion and determination of remote sensing use by private 
companies and public agencies working with synfuels (there 
v/as an emphasis placed on oil shale devoloiiment) . 

This user needs assessment included the development and sub- 
setiuent analysis of a cjuestionnai re soliciting information on 
remote sensing use (iiedrick, 19G2) . It was distributed to 
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79 companies and agencies identified by the U.S. Synfuels 
Cprporation as being involved v/itn synfuels in some capacity. 
The project also included on-sito interviews v;ith a selected 
cross-section of these companies and agencies. 

FACILITY SITI'JG 


An on-going project involves an integration of remotely sensed 
data with ancillary data for energy facility siting in Utah. 

The selection of a facility site requires several stages of 
analysis and the evaluation of numerous factors. /Although 
only a small physical site may need to be located, large 
regions must be investigated. The site selection and assess- 
ment process involves three stages: (1) A regional overview 

to eliminate areas that are unsuitable and to select candidate 
areas; (2) Pore local reconnaissance to select feasible sites 
within the "candidate” area; and (3) Site specific 
investigations. The information layers or "screens" utilized 
at each level are progressively more detailed and site 
specific, and as such, more expensive to acquire. The siting 
process currently involves extensive ground data collection, 
aerial photography analysis, and review of published data 
that is often unsuitable, dated, or not available. TIi based 
techniques could reduce this total effort and in the process, 
result in considerable cost-saving in a timely manner. 

Facility siting involves the detection, identification, and 
analysis of physical and cultural factors. The selection of 
screens and the relative importance of tliose screens varies 
with each stage of analysis. The types of factors analyzed 
for site selection and waste disposal assessment may be the 
sane but for waste disposal impact assessments, more emphasis 
is placed on land cover, hydrologic factors and characteristics . 

The facility siting test site involves the location of ideal 
sites moro-or-less through a process of elimination. Geology, 
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surface and ground water, and land cover factors are used in 
distance modeling, or information layers, in the siting process. 
Distance models depict the proximity of any point to a geologic 
fault or to surface v;ater. Certain land cover types may be 
more-or-less desirable than others, and the land cover map may 
be integrated into the model for elimination of those sites 
of undesirable cover type. 


Digital analysis techniques arc used for generation of the 
data factors. Techniques such as Iiistogran stretching, edge 
enhancement, and multi-channel classification are performed 
using the Til channel equivalents represented by the VMS data. 
As the project ensues, other tecliniques that are particularly 
successful v;ill bo investigated and possibly utilized in the 
analysis. Digital terrain data are processed for generation 
of slope, slope aspect, and elevation using ESRI software. 
Statistical significance tests are employed to aid in inter- 
pretation of results, quantification, and final accuracy 
assessments , 


Output products are generated upon completion of the digital 
analysis. Selected factors are reproduced in the form of 
color-coded maps, line-printer maps, and photographic positive 
and negative film. Additionally, factor or screening maps 
are provided for integration into the CIS. WCC raay in turn 
be requested to produce color-coded line-printer and plotter 
products . 

Evaluation of the resulting data includes; (1) An accuracy 
assessment of selected products, (2) A cost comparison 
betv;een TMS-derived data layers and traditionally generated 
data layers, (3) A technical assessment of the inforfi>ation 
contents (level of detail) of TMS-derived data layers. 
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A METHODOLOGY FOR ASSESSING THE REGION,\L TRANSPORTATION ENERGY DEMANDS 
OF DIFFERENT SPATIAL RESIDENTL\L DEVELOPMEI^T SCENARIOS: 

A CASE STUDY FOR THE UPPER HOUSATONIC RIVER BASIN, MASSACHUSETTS 

Jonathan A. Oski, Julius Gy. Fabos, and Meir Grosr 
Department of Landscape Architecture and Regional Planning 
University of Massachusetts 
Amherst, MA 01003 


1.0 INTRODUCTION 

In 1980 the METLAND research group at the University of Massachusetts be- 
gan research into three separate, but related, areas of concern to land- 
scape planners. The three studies, v/hich all have energy as a common de- 
nominator are: 

1. Assessment and planning of renewable energy resources 

2. Study of energy land use relationships for future residential 
planning efforts 

3. Developing bio-energy management scenarios and assess impacts 
thereof 

This paper focuses on the second topic mentioned above, more specifically 
it suggests a method whereby regional landscape planning efforts can be 
aided by the use of a geographic information system (METLAND) to deter- 
mine sites for more energy efficient residential and mixed use (commercia], 
recreational. Institutional, light industrial, etc.) developments within 
a study area. 

Initial research into energy efficient land use management has elu- 
cidated a number of residential development planning options which are be- 
coming increasingly more popular in the western world, especially those 
areas experiencing significant housing demand due to population growth and 
relocation. Especially prominent is the notion that the spatial location 
of new developments have a marked effect on the energy demands of these de- 
velopments. As noted by the primary impetus for the readjustment of loca- 
tion patterns (and land use management techniques) within urban areas are 
in the areas of automobile transportation and residential heating and cool- 
ing which comprise the largest consumers of energy in the residential sec- 
tor (13% and 12% respectively) (unidentified source). Hence, three de- 
velopment options/scenarlos were formulated to serve as the basis for com- 
parison of different management tecliniques. This project of the METLAND 
research greatly facilitated the location of land parcels suited for resi- 
dential and mixed land use' developments in the Upper Housatonic River Bas- 
in Study Area in Berkshire County, Massachusetts. The next section des- 
cribes briefly the three development options. Following that will be a 
discussion of the methodology developed for this research and finally a 
section covering the results of an application of this methodology. 


552 


CRlGimi PAGE IS 
OF POOR QUALITY 


2.0 TOE MANAGEMENT/DEVELOPMENT OPTIONS 

As denoted briefly in Figure 1, there are three distinct land use manage- 
ment development options with corresponding characteristics and criteria 
for Implementation. This figure summarizes a comparison of these develop- 
ment options as well as some of the assumptions upon which this study is 
based. The first of these options is the most energy efficient of the 
three and requires the least amount of developable land yet an important 
criterion, is the fact that these 640 acres stated and assumed as neces- 
sary for a CUD must be for the most part contiguous. This insures that 
most dwelling units within this type of conceptual development are within 
walking distance to many of the non-residential land uses (shopping and 
working and recreation places) offered within the routine of the total de- 
velopment. The CUD option is much like the name implies meaning that the 
development is comprehensive in the sense that many different, but com- 
patible, land uses are included in this development so as to insure that 
many services and opportunities can be offered in close proximity to the 
residents. 

The second development option, a Planned Unit Development (PUD) is 
similar in many ways to a Comprehensive Urban in that there is a higher 
residential density than in traditional subdivisions and there is an at- 
tempt to Integrate generally urban-related land uses into the total re- 
sidential plan. However, the degree of this integration is not nearly as 
great as with a CUD, meaning that commonly recreation open space and often 
convenience-type shopping facilities are often located at a central por- 
tion of the development. In some Instances, office space has been inte- 
grated into pud's to provide limited employment opportunities for those who 
live there and thereby decrease the overall transportation energy demand 
of the community. 

The third and final development option is that which provides a base- 
line for comparison for the two previous options. This scenario, a tradi- 
tional, dispersed-type growth is noted as having greater energy ineffi- 
ciencies both with respect to space conditioning and transportation as 
noted in Figure 1. The lack of land use mix and common open space greatly 
Increased the amount of energy that must be expended to travel for work, 
shopping, and recreation trips. Thus, this type of community development 
can best be described as grossly inefficient. 

Examination of energy-land use relationships in both rural and metro- 
politan areas of the country has revealed that the residential sector was 
accountable for approximately 20% of the total principle energy consumed 
in the United States in 1970 (Carrol, et al., 1977). In regions such as 
New England, where 72% of all primary energy consumed is based on fossil 
fuels, particularly imported oil, the need to increase the efficiency of 
the use of this resource becomes paramount in the development of long-term 
growth scenarios. Inherent in the development of these scenarios is the 
understanding that they will be formulated as a means to stabilize regional 
and national economies through the introduction of less capital and energy 
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Comparison of Development Opticns/Scenarlos 


OPTION 

OPTION Ifl 
SCENARIO 

OPTION il2 
SCENARIO 

OPTION //3 
SCENARIO 

Type of Develop- 
ment/land use 
management 

Comprehensive 

Urban 

Development (CUD) 

Planned Unit 

Development 

(PUD) 

Decentralized 

Traditional 

Development 

Total Persons 
Accommodated 

10,000 

10,000 

10,000 

Total Area 
Required 

640 acres 

1000-1500 acres 

1600-3000 acres 

Dwelling Unit 
Density 

3-4 persons/D.U. 

3-4 

3-4 

Residential 

Density 

Overall 

Density 

10-15/acres 
3-4 DU/acre 

5-10/acres 
2-3 DU/acres 

1-2/acres 
1-2 DU/acres 

Commerical land 

107, 

57, 

0% 

Recreational 
Land Use 

20% 

15% 

5% 

Other Land Use 

(Industrial, 

Institutional) 

5% 

0% 

0% 

Transportation 

Related 




% Reduction in 
Shopping Trips 

807, 

507, 

baseline 

% Reduction 
in Work Trips 

70% 

20% 

baseline 

% Reduction in 
Recreation Trips 

60% 

40% 

baseline 

% Reduction in 

Institutional 

Trips 

50% 


baseline 

Total Trip 
Reduction 

70% 

30% 

baseline 

Total Energy 

30-40% 

20-30% 

baseline 


Savings 

(Conservative) 

*Sterling, et.al. Real Estate Research Real Estate Research 
FIGURE 1 Earth Sheltered Corporation Corporation 

Community Doslw April 1974 April 1974 
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thfe introduction of less capital and energy intensive spatial patterns of 
new residential development. As financial burdens to homeowners increase 
yearly due to inflating transportation, heating, and electrical costs, it 
is clear that there is a need to develop a method whereby residential and 
mixed land use development scenarios can be constructed as to minimize 
these costs. One implication might be to shorten the distance between 
home and work as has been advocated by many comprehensive urban develop- 
ments (CUD) and to a lesser degree by planned unit developments (PUD) a- 
round the world. 

This research is based on the presumption that v;lth the use of com- 
puted-aided landscape planning process comprehensive urban developments 
incorporating residential, commercial, recreational, light industrial and 
other land uses can be located in a study area that will be at the same 
time energy efficient, aesthetically acceptable, and create a minimum de- 
gradation to an existing natural environment. METLA1,’D* research objec- 
tives; namely, physical landscape planning in a natural resource sensitive 
manner, has been one of the driving forces which prevented the advocation 
of extremely dense population centers often denoted as a state of maxi- 
mum energy efficiency. (For further discussion consult pages 1-22 in Bul- 
letin //637 and pages 1-16 in Bulletin )?653). 

This paper will discuss a means by which different regional land use 
development opt ions/scenarios can be compared in terms of their relative 
energy efficiencies. It is presumed that future land use planning deci- 
sions will be aided by computer-based geographic information systems and 
furthermore, that energy will become increasingly more important issue in 
land use policy and planning. Therefore, a methodology has been developed 
whereby different spatial allocations of land parcels suited for residen- 
tial and mixed use developments can be compared in terms of the transpor- 
tation energy demands Inherent in the location of the parcel in the region. 

2.1 Methodology 

The general flow diagram depicted in Figure 2 represents an overview of 
the significant steps in this procedure. The text which follows is meant 
to accompany this diagram in order to make the energy-efficient landscape 
sensitive routine more understandable. 

Step one - establish over landscape planning objectives . This first 
step involves the formulation or realization of planning objectives. In 
this case, these objectives align closely with METLAITO objectives estab- 
lished at the outset of the research .and development of the Metropolitan 
Landscape Planning Model. It is stated that the research is designed "to 
facilitate land use decision-making based on environmental factors for the 
general public good". (Fabos, Jojaier, and Greene, 1978, p. 3) In this In- 
stance, the primary objective is to determine whether or not a duel objec- 
tive that is energy-efficient and landscape-sensitive residential or mixed 
use development can occur in the Upper Housatonic River Basin Study Area. 

*according to Metropolitan Landscape Planning, an interdisciplinary re- 
search effort at the University of Massachusetts since 1970. 
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Step two - select energy land use alternative. Once the objectives 
have been formulated in step one, the next task, that of selecting the 
management development option, is performed. One of the three options 
presented earlier in J'lgure 1 is selected in conjunction with the land- 
scape and energy constraints which are associated with it. These con- 
straints will become more clear in the role they play when they analyze 
the results of the search routine performed in Step 3. 

Step three - landscape sensitive land use allocation search program 
of METI.AND. This step is a more functional step as opposed to steps one 
and two which could be considered abstract. In this step, a computer 
search for co-occurrences on overlaid resource and other data maps pro- 
vides the basis for searching for land parcels for residential or mixed- 
use development which are sensitive to the environmental/landscape re- 
source base. By indicating what classes or rankings are appropriate in 
each of the following data files (see Figure 2, Step 3) a "search" can be 
performed similar to that done in the past with established METLANP soft- 
ware. The interactive format provided by the ILPP system (interactive 
land use planning program) allows the researcher to sit at a computer ter- 
minal and enter information from his/her menu an Immediately get a 
graphic printout/display of the results of overlaying these data (map) 
files. For example, the computer prompts you with the following questions: 
Do you want to consider agricultural productivity type in your overlay? 
Classes are A-B-C-D-E. One must specify whether or not he/she wants to in- 
clude agricultural productivity, and if so, what classes in the aggregation 
file (A complete discussion on the aggregation of data files can be found 
in Figure 3.) After answering prompts similar to this for all data files, 
the computer overlays the desired information and displays co-occurrences 
of the ranked variables input by the user. This map and a report of total 
acreage allocated by the search procedure are presented as output for con- 
sideration in Step 4. 

Step four - analyze results. This step is the first major decision 
making portion of the methodology. In this step the user/researcher must 
analyze the results of the search routine to determine whether or not the 
results coincide with the objectives established in Step 1 and fit the 
optin in Step 2. If the results are sufficient, then one can proceed to 
Step 5, if not there is another decision making step that must be performed. 
Step 4A. 

Step four a. - alter objectives and constraints. This step is neces- 
sary if the results of Step 3 are not coincident with the initial object- 
ives of the research and the researcher user wants to alter some of his or 
constraints by selecting one of the four options listed in Figure 4.2 
(Step 4A) . This step provides a feedback loop of sorts where one has the 
option of changing a few of the variables or rankings performed earlier in 
the methodology or, in an extreme ease, to abandoned search procedures in 
this particular study area. 

The first option allows the user to select a less energy efficient 
alternative from Step 2. This situation may arise if the total acreage 
allocated is sufficient for the previously-chosen alternative yet the par- 
cels are -.ot "clumped" or "aggregated" in such a manner as to make imple- 
mentation of the chosen alternative feasible. 
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The second option permits the user to perform another search program 
after "relaxing" some of the landscpae sensitivity constraints. This 
"relaxing" is usually accomplished by adding more classes for considera- 
tion in one or mote of the variables in order to increase the number of 
co-occurrences and hence allocated land on subsequent search "runs". 

The third option permits the user to do both the first and second 
options while the fourth option, a rather drastic one, can be chosen if 
after many runs it is user's opinion that future development may not be 
feasible on the study area. 

Step five - refine energy demand approximations. This step consti- 
tutes one of Che more recent additions to the METLAND planning approach. 

In this step the transportation energy demand of the development option 
displayed in Step 3, the search routine, is tested in the following man- 
ner. The transportation energy consumption is based on the following 
variables which stem from the assumptions made earlier. 

1. the number of average daily trips made (home-based work and non- 
work only. (HBW and HBNW) . NOTE: (HBW and HBNW includes work, shopping, 

and recreation trips made from home) 

2. the mode by which the trips are made 

3. the average trip length for HBW and HBNW trips 

4. the road network used for the trips is broken dovm into three 
levels of roads depending on the average, speed travelled on them. 

The above variables are used to better approximate the transportation 
energy demand for each quadrant in the data base on a per dwelling unit 
basis. Each quadrant represents 4 UTM grids from a 1:25,000 scale USGS 
topographic map. (approximately 450 acres). 

This demand is approximated by determining the distances on three 
levels of roads (primary, secondary, and tertiary) to v^ork, shopping and 
recreation places vjithln the study area from a centroid in each quadrant. 

As speed varies on each level of road so to does the energy consumption. 

A study performed by P.J. Claffey estimated the running coats as a func- 
tion of fuel consumption on these three different levels of roads. Thus, 
the factors estimated in Claffey's work multiplied by Che distance tra- 
velled on each level of road in the network v»ill give an approximation as 
to the energy consumption on that particular trip. Multiplying this by 
the average number of daily trips made per dwelling unit for each of three 
trip types mentioned above yields a dwelling unit indice for comparison 
among other quadrants. 

Once the energy consumption per dwelling unit per quadrant has been 
calculated, the total energy consumption for the proposed development 
scenario can be determined based on the density of the development in the 
scenario and the portion of land in each quadrant allocated for residential 
growth development. As mentioned earlier, a population influx of 10,000 
persons will be spatially allocated in the study area. Consequently, the 
transportation energy demand will vary depending on tSse specific location 
of new residences. 

The total transportation energy consumption for each development 
scenario can be determined with the following equation which computes the 
total demand for all the grid quadrants in the study area. 
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LAND USE CATEGORIES ARE AGGREGATED IN A MANNER 
SUCH THAT THE ‘ k" CLASS REPRESENTS LAND USES 
WHICH OFFER MINIMUM CONFLICT TO RESIDENTIAL DEVELOPMENT 
(I.E. ABANDONED LAND) AND "e" CLASS REPRESENTS AREAS OF 
MAXIMUM CONFLICT TO DEVELOPMENT (i.E. PRESENT URBAN 
INDUSTRIAL USE^ WETLANDS^ OR FRAGILE AREAS 

OWNERSHIP IS CLASSIFIED AS — 

A = PUBLIC LAND 
B = QUASI -PUBLIC LAND 
C = PRIVATE LAND 

PHYSICAL DEVELOPMENT SUITABILITY IS BASED ON SOIL 
CAPABILITIES FOR RESIDENTIAL DEVELOPMENT DIVIDED INTO 
3 CLASSES -- 
A = MOST SUITABLE 
B = MODERATELY SUITABLE 
C = LEAST SUITABLE 

TOPOCLIMATE SUITABILITY IS BASED ON ASPECT^ DIVIDED INTO 8 
CLASSES 
A = S 
B = SW 
C = W 
D = NW 
E = N 
F = NE 
G = E 
H = SE 

FOREST PRODUCTIVITY IS DIVIDED INTO 5 CLASSES, BASED ON SOIL 
CAPABILITY FOR TIMBER PRODUCTION. WHERE CLASS " k" SOILS ARE 
MOST PRODUCTIVE AND CLASS "e" SOILS ARE LEAST PRODUCTIVE. 

AGRICULTURAL PRODUCTIVITY IS DIVIDED INTO 5 CLASSES^ BASED ON 
SOIL CAPABILITY FOR POTENTIAL AGRICULTURE PRODUCTION. WHERE 
CLASS A SOILS ARE HOST PRODUCTIVE AND CLASS "E SOILS ARE 
LEAST PRODUCTIVE. 

SLOPE IS DIVIDED INTO 5 CLASSES - 


FIGURE 3 





Total Scenario Transportation 
Energy Consumption 


ii m 

q q where 


e “ energy consumption per quandrant 
** q per D.U. 

= j? of Dwelling Units in quadrant q 

n •• number of rows of quadrants 

m * number of columns of quadrants 

Determination of the transportation energy demand of this scenario will 
serve as an Indlce for comparison with other more or less efficient spa- 
tial arrangements of residential and mixed use development. 

This figure when combined with approximations for space conditioning 
energy consumption will result in an index for comparison of the energy 
consumed for different scenarios for new residential development in the 
study area. 

Step six - analyze results. The following step is much like Step A 
in that a decision is made depending on the results of the previous pro- 
cedures and then one of two options is taken. If the results are suffi- 
cient for the planning objectives established in Step 1 and if the re- 
searchers professional opinion no better solution is possible, one can 
then proceed to the final step, Step 7. Should hc/she think that a dif- 
ferent spatial arrangement of allocated parcels developed unde, different 
design concepts may result in lower overall energy demand than Step AA 
need to be performed again. 

Step seven - discussion of implic at ions; analysis of obl'ictive attain- 
ment . This is the flanl step when the researcher analyzes all results in 
terms of initial or revised objectives and makes recommendations and for- 
mulates policies concerning possible community of regional implementation 
strategies. 

Furthermore, one can discuss the implications of Implementing the 
selected development option. Implications in this sense can be environ- 
mental Impacts of conflicts with existing or future land uses. 


2.2 Conclusion to Methodology 


This methodology provides a means by which regions projecting reasonably 
substantial population growth (e.g. 10,000) can establish plans 
for this growth in more energy-efficient spatial patterns with the aid of 
an existing geographic information system (METLAKD) and a relatively nomin- 
al data base. Thus, it can benefit regional planners as well as policy 
makers as they should adapt and implement growth and land use policies com- 
mensurate with the changing political, economic and social environments in 
a town or region. 

However, it must be ascertained that though it is hypothesized that 
such magnitudes of residential development can be accomplished with little 
or no conflict with existing land uses, hazard or special resource area, 
this may bo somewhat unrealistic in regions with a sparse availability of 
such land. As such, the methodology outlined in Figure 2 provides a means 
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by which conatralnts ImposcJ by tho af oror.iOKt ioncd existing condition can 
be relaxed to some extent reflecting a possible change in land use poli- 
cies or zoning patterns. Use of this methodology in conjunction with pre- 
viously establ Ished means of assessing the economic value of these speci- 
al resources can provide an index for comparison of new growth policies 
with those that exist to determine patterns of residential vlevelopment 
which achieve overall efficiency goals. 

3.0 AITI.ICATION OK HKTHUWl.OOY f. DISCUSSION 

In the following section, verif Ic.atlon «<f tl»e aforementioned metl'.odology 
will be Illustrated with the use v>f data collected by the USDA Soil Con- 
servat Ion Service and the METUVND research team for the Upper llonsatonlc 
River Rasin Study Area. The methodology covered prevlouslv allows the 
user (planner, developer, researcher) to perform analysis of the <levelop- 
ment suitability potentials for energy efficiency and/or landscape sensi- 
tivity on an Interactive basis with the University of Massachusetts main 
1 rame computer. The Interactive capability of the procedure allows for 
scenario formulation, display, and feasibility analysis while sitting at 
the computer terminal. More Importantly,' (f an "alternative" or "run" of 
the program (pri'ceiiure) results In a spat lal display of development op- 
portunltles which doesn't meet pre-established erlteria, the Interactive 
capabilities ol the methodv>logy allow the "user" to relax one or more of 
the constraints Imposed by cnorgy-cf f Ic Icncy or landscape sensitivity ob- 
ject Ives. 

licnee, what will foltcw here will he a graphic and textttal descrip- 
tion »’l the appl leaf li'ii of tho proeetlure. As sc.ated earlier, the primary 
objectives are to detonnine whet hor the two goals of energy efficiency and 
landscape sensitivity can he accomplished while siting resldinees and de- 
pendent laiut uses for 10,000 people In the study area. With this In mind, 
one can move to Step 2 and In aceordance with the above objective select 
alternative I, a comprehensive urban develi'pment , as the land use manage- 
ment tcchultiue to be applied. Subscq\icnt ly , one moves to Step 3 which in- 
volves a <pu'st Ion (prompt) .ind answer (Input) session with the terminal 
with regards tt> which classes Is the available variable categories the 
user wishes tv' incltulc for conslder.it ion in this particular search and 
overl.iy run. Hec.iuse landscape sensitivity Is an obji'ctlve, »'ne obviously 
wi'uld select tlu»se classes for development eoits Iderat Ion which wi'tild exert 
minimal Impact v'u the existing l.indscapc. A snnmiary of these selections 
appears In Klgurcs "Klrst Run". 

At this point It may be helpful to clarify the rauklitg pn'ccdurcs fv>r 
cai'h of the vlata flics. 
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As one can see from the map displayed in Figure 4, the acreage al- 
located is not sufficient for the chosen alternative, therefore Step //4A 
must be performed. If one selects the second option in 4A this involves 
relaxing one or more of the constraints in Step 3. By relaxing (adding 
categories) in Physical Development Suitability (B) and Topoclimate (L and 
G) the new display in Figure 5 ("Second Run") was presented. Analysis in 
Step 4 again reveals that this display is not sufficient for the chosen 
alternative due to insufficient aggregation or clumping at the parcels 
that is necessary to implement a C.U.D. (need 640 contiguous acres). If 
again one goes to Step 4A and selects Option //I, this time meaning that a 
less efficient alternative is chosen, one can again see that the results 
are not sufficient for implementation of a P.U.D. Notice that the acre- 
age is barely sufficient but again one must keep in mind the P.U.D. con- 
cepts mentioned earlier which also require a more contiguous availability 
of developable parcels in order for Implementation. 

Three runs later on the fifth run (See Figure 5) sufficient amount of 
contiguous land was allocated by relaxing land use constraints to include 
some low level forest lands and forested residential land. It would ap- 
pear from the printout that there is more than one opportunity to develop 
a C.U.D. or P.U.D. in this study area. Thus, one is now ready for Step 5 
which will compare the transportation energy requirements of different 
selected areas. 


The transportation energy requirement of Area in Figure 7 is com- 
puted as follows: 


(Quadrant) 

(I,J;9,10) 


as compared to that 


work trip energy 
shopping trip energy 
recreational trip energy 

Total energy/dwelling unit = 
-70% (C.U.D.) 

(seep) 

of Area //2 in Figure 6 which 


40,690 BTU's 
13,936 BTU’s 
20,943 

75,569 

22,670.7 

is; 


work trip energy 
shopping trip energy 
recreational trip energy 


16,809.0 BTU’s 
12,477.4 BTU’s 
4,745.0 BTU’s 


Total energy/dwelling unit = 
-70% (C.U.D.) 


34,031.4 

10,209.42 


(seep) 

As one can see, the transportation energy difference between these two 
C.U.D. options is close to two fold. Multiply the 10,000 BTU's saved per 
dwelling unit by the population of 10,000 and the resultant savings can be 
as high as 100,000,000 (IxlO^) BTU per day. In more appreciable terms, 
this translates to approximately 3,000 Kw (kilowatts) or enough energy to 
heat an average dwelling (2,500 ft'^) for one year. When compared to the 
savings over the conventional or traditional dispersed development, the 
savings would be even greater. While both could be constructed with the 
same inherent space conditioning energy efficiencies location in the study 
area can play a major role in further increasing total residential 


56 3 









/s 




JTi: 


energy efficiency. 

The next step one would take (Step 7) would be to analyze the con- 
flicts and impacts that would be associated with a development of this 
magnitude in this particular area. Once that is accomplished, one may 
chose to do further "runs" or make recommendations as to future land use 
policies with regard to growth and relocation. 
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ASSESSIffiNT PLANNING Al^D EVALUATION OF 
RENEWABLE ENERGY RESOURCES; AN INTERACTIVE COMPUTER 
ASSISTED PROCEDURE 

Timothy W. Aston, Julius Gy. Fatos, and E. Bruce MacDougall 
Department of Landscape Architecture and Regional Planning 
University of Massachusetts 
Amherst, MA 01003 


1.0 INTRODUCTION 

This study is concerned with the adaptive use of urbanizing landscapes 
through the use of renewable energy resources. The need for the study 
arose out of the increasing uncertainty in energy supplies that most 
countries experienced following the Arab oil embargo in 1973 as well as 
1979. Desiring to increase supply certainty, there has been an accelerat- 
ed research effort in the area of renewable energy resources. 

The goal of this particular study is to help communities become 
more energy self-sufficient while slmulataneously revitalizing and re- 
using the landscape. Throiigh soiind renewable planning efforts, the 
landscape resources may be used creatively and effectively. The aims of 
this study are as follows: 

. To ascertain the availability of renewable energy resources in 
urbanizing communities, specifically, hydroelectric, wind, and 
biomass resources. 

. To demonstrate resource quantity, quality, location, distri- 
bution, and value. 

. To exhibit how renewable energy resources can both provide 
opportunities to development and limitations to devopment. 

The methods used in the study fall into three categories: 

. Assessment of the most favorable wind, hydro, and biomass 
areas . 

. Location of areas where resource opportunities may conflict or 
co-occur. 

. The rank-ordering of the most favorable areas based on pertinent 
physical, economic, legal/institutional, social and environ- 
mental criteria. 

The above methods are both derived and adapted. Adaptation occurred 
through modification of selected methods found in the state-of-the-art 
review. Derivation of a procedure to assess the availability of the three 
resources as well as the pertinent issues involved in assessment was also 
accomplished. The entire procedure is aided through the use of an inter- 
active computer system. This allows planners, officials, developers, and 
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all interest groups access to the data information network that is vital 
to the procediure itself. Part of the interactive system is the quantita- 
tive computer program "Fuzzy Decision-Making". This program allows for 
the rank-ordering of potential development areas based on a set of 
"evaluative criteria". The program, as well as the entire procedure, is 
user-friendly and available for use by all interested parties. 

Application of the above piocedure was accomplished for the Upper 
Housatonic River Basin in Berkshire County, Massachusetts. The specific 
area of concentration is the towns of Pittsfield, and Lanesborough 
Massachusetts. 

The entire research effort presented herein is part of the ongoing 
METLAiro (Metropolitan Landscape Planning) energy study at the University 
of Massachusetts' Department of Landscape Architecture and Regional 
Planning. It is the second part of a three part study which includes; 

. Energy efficient land use planning 

. Renewable energy resource utilization 

. Impacts associated with renewable energy resource use 

The paper itself is organized as follows ; 

. Section 2.0 gives a general overview of the state-of-thc-science 
in renewable energy resource assessment. 

, Section 3.0 outlines the methods used in the study. 

. Section L.O covers the application of the procedure to the 
study area. 

. Section 5.0 concludes the paper and discusses results. 

2.0 STATE-OF-THE-SCIENCE IN RENEV/ABLE ENERGY ASSESSMENT 

To provide for an updated, comprehensive assessment of renevrable energy 
resources, it has been necessary and useful to review the current body of 
literatirre on the topic. Much has already been written in the area of 
hydropower assessment. A recent U.S. Army Corps of Engineers/New England 
River Basins Commission study has thoroughly examined many of the important 
issues in hydropower assessment and they are presented herein. An analysis 
of the issues involved in windpower assessment reveals that less has been 
written on the subject. The literature on biomass assessment is also quite 
lean in terms of discussion of the issues. 

A review of the literature indicates that there are six major areas 
of concern: 


The current state of technology and its link to assessment. 
The availability of the resources on the landscape. 

The economics of resource use. 

The legal and institutional issues involved. 

The social implications involved with resource use. 

Various environmental impacts and implications. 
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FIGURE 1: THE UPPER HOUSATONIC RIVER BAS- 

IN STUDY AREA. WESTERN MASSA- 
CHUSETTS. 
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nie section concludes with what has teen learned, and what is lacking 
in the literature in order to provide for a more comprehensive assessment. 


2.1 Hydropower Assessment 

Hydropower is one of this countrj’-'s most accessible energy resources. It 
currently supplies 13/^ of this nation's electrical enerpy. In New Kngla..d 
inparticular, past industrial activity lias left behind thousands of d"ms 
which can be retro-fitted for hyd;’opower production (Glidden, High, I9C&). 
Hydropower technology lias matured greatly since the vcrld's first central 
hydro station was erected in Appleton, Wisconsin in I&82. Improvement in 
dam structure and design as well as mechanical operating equipment las 
made hydroelectric energy an attractive alternative. 

Assessment of hydroelectric power potential has been a task already 
undertaken in a 195^* U.G. Anny Corps of Engineers Intere.ger.cy report. 

The Resources of New York and New Englan d. Broad-scoped in natiire, this 
report inventoried potential hydro sites in the region. It's concern was 
mainly in the engineering and economic aspects of hydro development v;ith 
little regard given to the various legal/institutional, social, or envi"on- 
mental issues. 

The energy crisis of the early 197C's prompted a more thorougn 
investigation of hydro potential. In 1976, section 176 of the Water 
Resources Development Act authorized a detailed assessment of tlie national 
hydroelectric power potential. In response to this, the U.S. Army Corpis 
of Engineers published a series of reports that specifically addressed the 
liydro potential in different regions of the l!.S. Gcmie studies pertinen^ 
to New England include: 

. National Hydroelectric Resources Study - A rrelimiiinr',’' Inventoiy 
of Hydropower Resources (July, 197^ 

. Tbe Potenti;\l for Hydro Development at Existing Dam s in 
Now England (January, I980T 

• Water, Watts, and Wilds (August, 1Q8 i) 

Assessment of the availability of the resource om the landscape has 
been undertaken in many studios, however the most updated is in tlie 
.Tanuaty, 1980 report put out by the Aimj" Corps and fne New England River 
Basins Commission, The Dotential for Hydro Pevelopnoiil. at E.xi sting Dams in 
New England . Here, existing dam sites are assessed as; to their power 
pi’cduction capabilities, ns are undeveloped or "virgitr; sites". Virgiti 
site potential is assessed using tlie following power (equation: 

F, = (KC) (HG) (a) 
kw 

wlioro : 

P = The power potential, in kilowatts vitin a plant factor 
''' ... of forty. 

KC = Tlie capacity constant (varies from i'iV(cr to river) 
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HG = The gross head of the site in question. 

A = The drainage area in square miles. 

(NERBC, 1980) 

Power production potential for existing dams are Inventoried in the 
above NERBC document as well. It is evident then, that the resource 
issue is well docimiented in the literature. 

The issue of economics is also well documented. The New England 
River Basins Commission has subjected the inventoried sites to an 
economic feasibility analysis ir which all costs and benefits that are 
anticipated are arranged into a benefit to cost ratio to determine 
economic viability. 

Legal and institutional issues involved in hydro assessment are many. 
Development of a liydro site will involve diversions of stream flow and 
may be located on river reaches used for other pui’poses. This being the 
case, mitigation will be needed, and the Federal Energy Regulatory 
Commission (FERC) has a standard mitigation procedure it uses. It's 
application process for hydro operating permits exposed potential con- 
flicts associated with proposed projects. In short, the process consists 
of submission of application, notification of the public of receipt of the 
application, and a FERC ruling on the application which takes one of 
three forms : 

. Deny the application 

. Award the license with certain conditions 

. Award the license without conditions 

Social issues in liydro assessment include land ownership considerations, 
land use, and the vario\is competing uses that come into play. Althoiigh 
other issues such as employment are important, most of the vital social 
issues in terms of development possibilities will be mitigated. 

Env.ironmental issvies in hydropower assessment vary widely depending 
on the nature of the site in question. Obviously , virgin site development 
will have a more profound impact in the following areas: 

. Fish migratio’ 

. Wildlife lia')i, 

. Water flow 

. Water quality 

Environmental impacts are often the most difficult to account for be- 
cause they may be secondary or tertiary in nature. It is, however, these 
impacts which quite often make or break project development. 

In concluding, wliat has been documented in the literature on hydo- 
power assessment has been detailed and thorougli in nature. The issue has 
been explored as a realistic energy alternative and research has been 
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extensive. What is lacking however is a detailed procediu'e which accounts 
for all of the above issues. This is the task of the METLAND-dsveloped 
procedure. 


2.2 Windpower Assessment 

Wind energy is a by-product of solar radiation. It is derived from the 
sun's uneven warming of the earth. Global atmospheric movements cause 
prevailing winds. The conversion of kinetic wind energy into usable 
electrical energy involves capturing the wind flow through the drag on a 
propeller. The turning propeller turns a drive shaft which in tiirn is 
connected to a generator. Although the windmill has been in existence 
for centuries, the technically advanced wind energy conversion system 
(WECS), with its design and engineering improvements, has made wind 
energy an attractive alternative. Although wind energy currently supplies 
only a fraction of our total energy needs, it is estimated that a concerted 
government wind program could lead to a displacement of 730 million 
barrels of oil per year by the year 2000. That figu.re is representative 
of total Canadian oil demand in I 98 O {New England Energy Congress, 19^0, 

p.2). 


The state-of-the-science for wind energy assessment is less well 
docimented than the hydro resource. Although the engineering issues as 
well as the economics are covered in detail, little is said of the other 
pertinent issues. Important documents include: 

. A Siting Handbook for Small V/ECS (Wegley , 1978) 

. Renewable Energy Resource and Technology Assessment (the 
Southern Tier Regional Planning and Development Board, 1980 ) 

. A Planning Manual for Utility Application of ilECS (Park, 1979) 

In assessing the landscape potential for wind energy, areas with the 
greatest overall mean annual windspeed are delineated. From a regional 
standpoint , tliis includes : 

. Northwest hillsides more than one mile downwind from any 
topographic obstruction. 

. Hilltops with elevation higher than upwind hills. 

. Long valleys lying parallel to prevailing winds and the 
hillsides associated with them (STC, I 980 ). 

Once these areas are delineated on a topo map, they may undergo 
limited site analysis to assess any vegetational flagging (trees tilted 
significantly in one direction due to strong winds). The flagging effects 
on vegetation may be reflective of liigh mean annual windspeeds, and an 
index, the Griggs-Putnam Index (GPl) relates the degree of flagging to 
windspeed. I.i any case, utilization of the GPI on the sites delineated 
above can lead to a more detailed site monitoring that must place before 
any WECS construction occurs. Power potential may be determined using 
tlie following equation: 
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P = pV^ 

where ; 2 

P = Power availability in watts/meter 
p = Air density 
V = Wind velocity 

(Glidden, High, I 98 O) 

As was the case with hydropower, the economic question centers 
around expected costs and benefits. A benefit to cost ratio may be 
derived to measure project viability. The acceptable B/C ratio will vary 
from project to project. 

The remaining legal , social , and environmental issues are less well 
documented. Any comprehensive assessment procedure must include these 
issues. What is needed is a step-by-step procedure that will account for 
all of these issues in such a way so as to be useful to all interest 
groups in resolving real or perceived conflicts. Tliis is the task of 
the METLAHD-developed procedure. 


2.3 Biomass Assessment 

All plant matter is considered "biomass", but for the purposes of this 
study, biomass has been limited to agricultural biomass such as hay, 
grains, and corn silage, and wood biomass such ns coniferous and 
deciduous trees. Only plants can covert solar energy to chemical 
energj' through photosynthesis. Upon combustion, this energy can be 
captured and used. 

Historically, wood has been vised as a fuel to lieat homos but recent- 
ly biological and thermochemical conversion processes have been used to 
convert various biomass feedstocks to ethanol (grain alcohol) and 
methanol (wood alcohol). Given these advances in teclinology, it has 
become necessary to assess biomass resources an to their current and 
future availability. 

Currently, wood energy in places has significantly contributed to 
energy supplies. In I 980 , wood supplied about two quads of energy while 
nuclear supplied about .8 quads (Giibride, p. 13a). In order for a 
continued wood energy contribution to the energy supplies of the nation, 
its future use must be planned for. The following documents have explored 
wood and biomass ingcneral in terms of energy use; 

. Tlie New England Energy Atlas (Glidden and Higli, I 98 O) 

. Current and Future Biomass and Resource Inventory Techniques 
(Young, et al., 19771 

. 'Hie Identification of Wood Energy Resources in Central Michigan 
(Hudson and Kittlcson, 1978) 

In assessing the physical resource potential of the biomass resource. 
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we must first identify where the figricultural or forest parcels are, and 
to what extent they may be useful in the near term in producing energy. 

To do this, one may employ a combination of approaches. The simplest is to 
use a topo map to delineate forested or agricultural lands. This, how- 
ever gives few clues as to the usefulness of the parcel in question. More 
detail can be derived from land use/land cover map. In Massachusetts, 
MacConnell land cover maps give useful information ns to each parcel that 
is recorded. MacConnell maps (see references) detail types of active and 
Inactive agricultural lands (tilled and untilled farmlands, abandoned 
fields, pastureland, etc.) as well as forest lands (detailed in height 
and density classifications). Using the MacConnell maps, one may gain 
significant insight into biomass parcels without actual field reconnaimance 
Other documents in the body of literature recommend a combination of 
aerial and field reconnaissance to inventory the biomass resource. In any 
event, much has been written on the topic of biomass resource inventory 
techniques. 

The other issue extensively documented is that of environmental 
impact. Forestation over the years has become a topic of great concern 
in terms of overharvest. Much has been written on the topic and various 
methods that minimize impact may be found in the state-of-the-science. 

While the environmental implications in biomass operations are indeed 
important, the other legal/ institutional . social , rnd economic issues 
warrant extensive documentation as well. In that biomass technology 
is advancing to the point where the resources is becoming more widely 
considered as an energy source, they must be included in an overall pro- 
cedure to assess biomass resource availability. This is the task of the 
METLAlJD-developed assessment procedure. 

In retrospect, the current body of literature on state-of-the- 
science techniques to assess renewable energy resources is heavily 
biased toward the resource issues and their availability on the landscape. 
Much has also been v;ritten on the economics of resource use, but the 
remaining legal/institutional, social, and environmerital issues are less 
well documented. In terms of the resources themselves, most research 
has been done in terms of hydropower. Overall what is lacking is a 
comprehensive, step-by-step procedure that will assess all of these re- 
sources while simultaneously finding the most favorable sites for develop- 
ment. This is the task of the following procedure. 

d.O ASSESSMENT, PLAimillG, AND EVALUATION OF RENEWABLE ENERGY RESOURCES: 

A COMPUTER-ASSISTED PROCEDURE 

To utilize the findings of the state-of-the-science i'<evicw and build upon 
it the METLAND team has derived a procedure that will assess the avail- 
ability of the ronewaole energy resources on the landscape and simul- 
taneously account for the other issues vital to the procedure. The 
procedure is done in step-by-stcp fashion and can fc<e used interactively 
at ttio computer terminal. 
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The procedure uses the "eliminative approach" in its assessment in 
that all sites that are potentially productive from an engineering stand- 
point are located first. Tlien sites that are not economically viable 
are eliminated. Resulting sites are rank-ordered using the quantitative 
computer program. Fuzzy Decision-Making (nee references). Here, the 
alternative sites arc evaluated based on certain physical (power production 
potential), economic (benefit to cost ratio), legal (affected zoning 
classes), social (^^ of affected landowners, H of affected historic sites), 
and environmental {% slope of site) criteria. Vihat results then is a 
comprehensive, accessible, and flexible assessment, planning, and evaluation 
procedure for the above resources which can be used by all interest groups 
and individuals with an interest in Renewable Energy Development. 


3.1 Step 1: The Landscape Resource Assessment 

This step of the procedure locates the various renewable energy resource 
that are developable from an engineering and resource base standpoint. 

For the hydro resource, a U.S.G.S. topograpiilc map is used to locate 
tiie river and streiun network in question. Consulting the pertinent U.S. 
Anny Corps of Engineers inventory report will yield all the necessary 
information on any existing dam sites tliat may be retrofitted for hydro- 
power use. Once this data is obtained, all sites witiv a power production 
potential of fifty kilowatts or more and a head g.reater than five feet 
may be considered viable for hydro use (from strictly an engineering 
standpoint). These "eliminative criteria" are used by the Amy Corps in 
that they may be potentially productive using current technology 

Wind energy resource areas are delineated on a topo map. First, from 
a regional standpoint, the following areas are considered "prime" wind 
collection areas: 

. Nortliwest hillsides more than one mile downwind from any 
topographic obstruction 

. Hilltops with elevations higher than upwind hills 

. Long valleys lying parallel to prevailing winds and the 
hillsides associated with them 

Once this is done, the vegetation at these sights is exajnined to determine 
flagging effects. Tree flagging, using the Griggs-Putnam Index (CPl) 

(see Appendix) can be representatiye of certain windspeeds. Once these 
windspeods in excess of 9 miles per hour is delineated (Hewson, 1978). 
Tliese areas are representative of the most favorable wind sites from an 
engi neeri ng s Laiidpoi iit . 

Biomass resource areas are delineated, but liore one is advised to use 
a more detailed land use or land cover map such as the MacConncll maps 
described above (tliese available in Massachusclt.s ) . All active and 
inactive agri cultural lands (tilled and unfilled famlaiid, pnstureland, 
and abandoned fields) arc representative of the most favorat'le 
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ngricultural Momrtr.s areas from a strictly physical stam’point . In terms 
of forest biomass, the tallest nml densest forest stands represent the 
most favorable opportunities for near-term development. The "eliminative 
criteria" used liere are I'orest stands in excess of forty feet with a 
crown closure density over 80^f. These areas are most favorable for 
foi'est biomass use. 


3.2 Step 2: Economic Assessment 

Tal;ing the procedure one step further, the above sites are now viewed in 
terras of economic viability. All costs and benefits sliould be tallied 
over tlie economic life of the project ai'.d arranged into a benefit to 
cost ratio. TJie "acceptable" B/C I’atio will vaiy fram project to project. 

To come up with a uniform rule of thumb, the MCTlJtND "eliminative criterion" 
of a B/C ratio in excess of 1.0 is used. In other wojais, at this stage 
of the procedure, if a project's anticipated benefits are expected to 
exceed tlie costs,it should be considered economically viable. A more de- 
tailed economic analysis will of course be used in examining encli project 
at a later stage of assessment. 


3.3. Btcp 3: Fur.r.y necision-M:iking: Evaluating the Viable Alternatives 


At tl'.is point in ttie procedure, onl.v engineering and economic issvies have 
been analysed. Most of the current literature stops tiere in ttie assess- 
ment procedure. The METLANP-developed procedure goes one step further by 
now accounting for tlic various legnl/insti tutionaJ , social, and environ- 
mental issues as well. Using tiie Fucc^v Decision-Making program, 
"evaluative criteria" c.re seleeted wliieh are repi'esentative of tiie issues 
described above. They' inelude: 


. Knerj'^j’ jxJtential of the renewable energy' site 
. B/C ratio of Uie site 

. // of affeeted landowners in potential development 

. tf of affected r.oning classes 
. ^ of affected historic sites 

. ;vslope of tlie site 


Assuming we visit to: 


Mtiximise 
Mtiximi :*,o 
Mininir.e 
Minimi ■.-.e 
Miniiiti ■.•.e 
Mi It ini se 


the eneiv^' potential 
the B/C ratio 

tht? ^ of affected landowners 
the ^ of affected c.onittg cltisses 
tlte ^ of affected b.istorie sites 
the ;t- slope of the silo 
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each alternative can be valued niimerically r-.s to hov veil it satisfies 
these assumptions. For instance, a site with an energy potcnc.ial of 
500 kwh is favored over a site «-rith 300 kvh. Likewise, a site that, if 
developed, will affect 20 landowners, is favored over site that will 
affect 30 (because of I'educed legal hassles, etc.). Usi jg the FD.M 
program, each criterion may be compared to the other in pairwise fashion 
so as to determine which is more important. Each criterion is given an 
"importance value" (rating from 1-9)- In this manner certain criteria 
are valued as more important depending upon who is running the program. 
This is a vital aspect of the proced^ire in that all interested parties 
can make use of the procedure in an Interactive manner, so as to arrive 
at the best alternative in their own opinion, hence this procedure is 
useful in determining the degree of conflict and also in resolving the 
conflict. 

1^.0 APPLICATION OF TiiE PROCEnUPE 

The procedure was applied to part of the Pittsfield metropolitan region 
in the Upper Housatonic River Basin iii Western Hassachusirtts (see Figure 
l). Tlie study area consists of ^<0, 000' acres and represents over sixty 
square miles. Of tliis area, on? ttiird is in forest while another third 
is in rural residential use. As part of the METLAlv’D Energy Study, a 
complete ener£ty data information network was constructed and stored on the 
Cyber 175 computer at the University of Massachusetts at /unherst. The 
data base incli'ucs; 

. Road network 
. Utility grid 
. Zoning patterns 
. Land use patterns 
. Ownership patterns 
. Historic site information 
. Slope Ilaznj'd 

U.l The hydropower Resource 

Tliree e.xisting d;un sites were found ph.ysically capable of being retro- 
fitted for hydi’opovc’’. They include dams 700, 701, and 702 and rei resent 
Ifdi kw of potential power production (see Figure 2). 

h,2 The Windpower Resource 

Three gcnei'al areas wer'’ seen as conducive to windpower from s phyr>ical 
standpoint. Each has a mc'.in annual windspecd e.xceeding l^i m.p.h. Using 
tlie Griggs-Putnam Iniex, the sites are delineated in Figvu'e 3. 

^4.3 Tlie Biomass Resource 

Perhaps Vic greatest :icar-term potential for i-cnewahie oner,--:;/ resource 
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biomass 


FIGURE 7; THE UPPER HOUSATCNIC RIVER BAS- 
IN. 

COMPOSITE renewable energy re- 
source MAP. 
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lit. i l ion in in f.lio urea of bienuii'v. . Almoat. ;'0‘J of the total Jatut 
are.a v*oiuvI atr. of "pfimo" Uj-;rtoiiHural Momaaa opportimitleu wliLlo .^0^ 
of the nre.'\ In "prime" foretit I'iomaaa laiui (aeo FiKurea Ij anJ 5). 


li.li Piir./.y Iteeiaton-Mukliit’, uikI the llyilropower I'enouree 

'I’tie entire ^T'^’ proyrjuis wan run for lUi.l.v tlie li^vhro re:;v'>ureo of ttio area 
(aee KI(-’ure o) atul tiie "heat" v’lioiee for liyvlro lievelopment waa h;uti 
Tlila vaa tlone nainy. tlie Juiiy.einent of t.tie prlnel\'al aul.lior alone aiul 
refleota liia hlaa. Yet. it lioea provi>ie the reuiier willi an iljiiatratovi 
example of liow the varioua a.l I eniat. i V('a aiut eriteria ran ht' nuniertealJy 
ratt'ii, in an interaetlve format. 


h.O CONOUif-iONS 

'file prooiaturi' lier.or ilaat above ,i a an at.lempt t o make plannlny. mor»’ eomiire- 
tienaive ami pertiapa more »lemoorat lo in Ita approaeli. Alternativea amt 
eriteria are plainly r-pellevl out for all p.artiea to aee. Uainy, an 
interaotive eomputer tk'ri.iat allow;; for ea;;y viaual i nl ei'i'ret ation of all 
::it.i-a ili'l i neat eh. I'ur.r.y I\'o i a i on-Mak Iny, , by provihlne, ;\ r.ank-oivK'r i ny 
of alternative;;, .allo;a; for eonfliel re;;v'lut iiui by fiialiny the "be:;t" 
r.itv' to vievi'lop. l\e:;nlliny, tvnew.abU' eiu-rt'v .area;; »':ui be ili ;;pl ;iy<'ii .aiui 
eompo;; i t eh u;; i uy MMTI.AND' ;•• OOMl.U!'/ lll'l' r.i'.aph i v-;; p:\ekaye. l-'iyure 7 is a 
ei'mpo;;ile m.ap v'f the mo;;l f.avor.able reiiew.able enerf';j' ;; i t e;; i\'uah in thie. 
aluhy. .any :irea;: of eiuifliel (>>vi'r l.ap;; on the m.ap) e;in ,al;;o be re;;olveii 
u;;iny K;i . .'.y I'ee I a lon-M;ik i n.y . 

It in I'vihent t.lu'n , (h.at taan'w.able ener/iv laa-.oinaa';; e.an be pl.anneh 
fi'f in ;i more effeetive, efi’ieiont, .ami I're.ativa- m.anner. Tlie:;e ft'- 
r.onree-.;, when pi\'perly nt i 1 i ■.‘.■•h , e.an help lo lan- i t ;il i re rnr.al .aiul 
urlvniir i ny l.anh;;e.apei; . In .aithiilon, they vmn pr.'vivit' :ui inere.aaeh 
v'ort.ainty in term;; of enei>;j' ;;upplie;; to Ih;' royion;-. th.at u:;e them. by 
Ka'.at.iny the r.iv':;t f:\vor.able .aia-.a:; foi' renew.at'le eneryy hevolojmuait. , 
eonfllet.;-. e;\n be minimireh, :inh oppor t nn i t i e:; in the a.uue re.alm, 
m.aximlreh. 
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griggs-puthan index 

EXPECTED INTERVAL OF AVERAGE ANNUAL 
HIND SPEED (HPH) 
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Seattle's System for Evaluating Energy Options 


Pat Logie and Malcolm J. Macdonald 
City Light Department 
City of Seattle, Washington 

I'm here to share with you some of Seattle's experiences developing a 
system for making electrical energy choices, a system that rests on a 
base of data organized and presented in order to document references, 
highlight assumptions and permit valid comparisons among different 
options. 

Seattle City Light, the city's municipally owned utility, is one of the 
largest public utilities in the country with about 1750 employees serving 
nearly 300,000 accounts in a service territory of over half a million 
people. Rivers plunging swiftly from Washington state's mountains pro- 
vide abundant low-cost hydroelectric power to city and state residents. 
Seattle owns and operates six hydroelectric power plants that generate 
enough power to meet tv;o- thirds of the city's needs. Much of the rest 
comes from the Bonneville Power Administration (BPA), the northwest's 
federal marketing agency that until recently had access to a seemingly 
endless supply of electricity from federal multi-purpose dans. As a 
result, Horthwesterners racked up the highest per capita use in the 
country while paying the lowest bills. But times are changing. 

The era of abundant hydro power is over. Hydro sites are hard to find; 
other power sources are hard and costly to develop; rates are climbing; 
ratepayers are irate. In fact, the planning process I am about to 
describe is one indication of the new climate of electrical power scar- 
city in the Northwest. In contrast to the earlier days of surplus supply 
when the cost of errors was low, the costs of inadequate planning are now 
ruinous. 

Fortunately, in those earlier days, Seattle had begun to establish guide- 
lines and policies that were to stand us in good stead when we had to 
face up to current energy realities. Let me give you a few examples of 
these precedents and of the climate in which we set to work. 

In 1975, v/hile deciding whether to participate in two projected nuclear 
power plants, the city developed a blueprint ealled "Energy 1990" for 
meeting its future electric energy needs. After twelve months of inten- 
sive effort involving a citizens committee that chose its own consultants 
and an expenditure exceeding $300,000, the city decided against the 
nuclear commitment. But, more important, in this landmark decision, it 
established a set of priorities to be followed in choosing any future 
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electrical energy reaourees. It set a 15-year target of the amount of 
energy to be saved through conservation. It gave its blessing to a 
(then) controversial method of forecasting future dcisand, and it required 
that annual load and resource forecasts bo published. 

This willingness to trust and enlist involved citizens was already 
becoming a Seattle halloiartc. In the last decadot 1^ najor advisory com- 
mittees numbering 0 to 20 members each plus other citizen groups have 
spent countless hours reading, questioning, testifying and reporting as 
they became deeply involved in key problems Influencing how the city gets 
its electric power and what it pays for it. 

These recent trends strongly supported our development of an energy 
planning process. Other experiences, however, cade it at once mord 
urgent and more difficult to approach our planning tasks. A host of new 
problems hang over the Northwest because of the two ill-fated nuclear 
plants Seattle declined to support plus three in which it is involved. 
Long construction delays and horrendous cost overruns have led to huge 
rate increases and bitter charges of mismanagement . . while the first 
kilowatt hour of electricity from these plants is still months or years 
in the future. 

If a new state law that grew out of a citizen-sponsored initiative sur- 
vives an appeal process, public utilities like Seattle CLty Light will 
have to secure voter approval before participating in any generating pro- 
ject whose total cost exceeds $250,000. 

Briefly, then, our long-term energy resources planning process was devel- 
oped in a city with a strong environmental commitment, an active citi- 
zenry willing to turn out en masse at public hearings, a history of low 
rates and a new awareness that large generation projects could be stopped 
by public veto or jeopardized by the inability to secure access to capi- 
tal markets saturated with bonds from the languishing nuclear projects. 

Although the decade of the *70 's had brought us several sophisticated 
planning tools (load forecasting, resource forecasting and long-range 
financial planning, for example) there was no central body with respon- 
sibility for long-range energy resource planning. Moreover, the poten- 
tial of the utility's research and development effort ras not being fully 
realized. Although it was generously supported through a commitment of 1 
and 3 /^% of all revenue from sales of electricity, it was not specifi- 
cally geared to provide information about resource options with iden- 
tified promise for meeting identified utility needs. 

Correcting these deficiencies was one reason for developing our new 
planning process. Avoiding inappropriate decisions and unnecessary 


«;Qn 


ORIGINAL PAGE IS 
OF POOR QUALITY 



expenditures for projects that should not be supported was another. But, 
our major objectives were more comprehensive. The City Council (City 
Light’s policy making body) wanted to make — and City Light wanted to 
recommend — the best and most timely energy choices from the v/idest 
possible range of options, supported by the most complete Information 
possible. He wanted to provide warnings about the possible pitfalls, 
trade-offs and mitigations of potential new energy resources. He wanted 
to insure public access to relevant information prepared with laymen in 
mind. And ws wanted to assure continuity of tho planning effort by con- 
centrating accountability for energy resource planning in one place. 

Existing city policies provided several other clear guidelines. As part 
of the Energy 1990 decision, the city's priorities for meeting or off- 
setting expected growth in demand are, in order: (1) conservation, (2) 

hydroelectricity, (3) other renewable sources such as wind, biomass, 
solar and geothermal energy, (H) abundant non-renewable sources such as 
coal, and (5) other non-renewables. 

Other guidelines established or reinforced city preferences for energy 
sources that are (1) self-owned or Jointly owned (as opposed to those 
owned by others); (2) cost effective, (3) environmentally benign, and (*l) 
diverse, meaning that a number of projects of different types and in dif- 
ferent locations are favored over a few large and similar projects. 

To help meet these objectives, in 1979 the Council approved a new Energy 
Resources Planning group. Ten new positions were created — including 
several engineers, an economist, power analyst, environmental analyst, 
and information specialist. Three years vras allocated for the 
progressive development and integration of the planning system. But from 
the beginning, the Council required annual reports giving the descrip- 
tion, status, planned expenditures and projected research activities for 
all conservation and generation projects under consideration. 
Additionally, it required placing each of these options in one of six 
specified resource categories. Placement, reflecting the utility's level 
of knowledge and the option's readiness to be brought into our system, 
would be annually affirmed or changed by the Council. 

The planning categories were only titles when they were established by 
the City Council. Subsequently, they have undergone continuing defini- 
tion and evaluation. Resource possibilities do not have to start at 
square one; they may be dropped from consideration at any stage, and they 
may skip stages or back track. But the typical proposal would require 
progressive study and developmental planning in three categories before 
being endorsed by the Council. If problems develop, or a resource is not 
needed, it could spend an indeterminate period of time in one of two 
"holding" categories. In order, the straight-ahead categories are: 
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1. Reaourca Proposal — concepts, posaibilities or potential projects, 
described in tentative terms baaed on the experiences of others or our 
own highly incomplete information. He try to pinpoint g^ps in infor- 
mation needed for later firm estimates --data about project sites, 
water rights, licensing requirements and costs, for example. 

2. Preliminary Assessment -- potential projects undergoing appropriate 
research, study and surveys to give us more precise estimates ~ the 
costs of needed generation sites and equipment or how many customers 
would take part in a conservation program, for example. 

3* Candidate for Endorsement — projects the utility wants and expects 
to recommend for Council endorsement within two years. During this 
time, we nay seek preliminary permits, acquire site options, refine 
economic calculations and draw up preliminary purchase contracts. 

*1. Endorsed Project — projects that have received favorable Council 
votes and funding commitments. At this point, their expected energy 
gain enters the utility's official 20-year forecasts. 

If a project is still alive but not moving straight ahead, it will be in 
one of two holding areas — as a contingency reserve project or project 
in abeyance. 

5. Contingency Reserve ; Projects that are complete from a planner's 
viewpoint but currently not the utility's best choices. Perhaps 
their costs are higher than those of other alternatives, or they may 
furnish energy of the wrong kind or at the wrong time. If and when 
the utility's need changes, they can be available on short notice. In 
the meantime, they're not cleared for construction or implementation. 

6. Project in Abeyance: Projects whose Incomplete planning work has been 

halted because of barriers (often environmental, legal or 
institutional) discovered during the planning process. If the 
barriers are removed or overcome, planning nay be revived. 

Some possibilities are dropped entirely because of barriers that 
apparently cannot be covercome — e.g., economic or technical infeasibi- 
llty, extraordinarily long develoment tines or development by someone 
else. For planning and reporting purposes, however, every proposal that 
starts through the system is tracked, together with reasons for dropping 
projects that do not appear in the six planning/resource categories. 

It was soon apparent that we needed some system to facilitate and justify 
placement in the six resource categories, to determine the most 
appropriate use of R&D money, and to display Information so that it would 
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be useful both within and outside City Light. Although it was not a City 
Council requirement, a Data Base emerged as a logical way to display the 
systematic and separate analyses of all our resource options. 

Eventually, such a base became a highly det-alled appendix to the annual 
Energy Resources Report, our other major planning document. 

In contrast to the Data Base, the report is flexible in both format and 
scope from year to year. It is intended to analyze the current need for 
power, discuss possibilities for meeting the need, and recommend a course 
of generation and conservation development together with supporting 
research and other planning and expenditures needed for the ensuing year. 
It* 3 also a convenient place to highlight problems or benefits important 
to planners. But the current form of these publications was hardly 
apparent when we began the three-year development process. 

Year P. During 1980, the utility's primary task was to develop a very 
preliminary Data Base and Report. Because we didn't yet have budget 
authority to hire our new team, this task vias added to the full workload 
of our Engineering Division. They developed a first effort — largely 
single-page computer printouts — that did not fully meet the utility's, 
the Council's or the public's needs. The citizens' advisory committee 
found it inadequate in several respects and recommended changes. In the 
1980 report, the utility pointed to the need for strengthening the Data 
Base in several ways: better documentation of sources, better iden- 

tification of uncertainties, improved display and format, review of eco- 
nomic models and assumptions and identification of person(s) responsible 
for each resource. 

Year II: Early in the second year, the planning team was selected. 

Before it reached full strength, temporary and limited assistance was 
enlisted from two local consulting firms. One provided part of the tech- 
nical evaluation of certain potential energy sources. The other con- 
tinued a user-needs assessment that affirmed the utility's earlier 
perceptions about needed improvements, made preliminary suggestions for a 
new format, and assisted with public review and comment. 

During the second quarter of 1981, our permanent planning group was in 
place and performing the vast amount of needed work — designing and 
redesigning formats for Data Base writeups and summaries, developing and 
trying out a variety of schemes for organizing our data, tapping Into 
hundreds of Information sources, designing computer programs, crunching 
numbers, holding public workshops, establishing a documentation system, 
and securing and incorporating needed review. 

Some of the knottiest problems were determining how much material to 
include and reconciling and identifying relevant costs, data and data 
collection approaches already in use for other purposes. 
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At the end of the year, the City Council approved our first full-scale 
Data Base, a 572-page document. It begins vith resources we're now using 
and ends with 21st century possibilities. In order, it presents our 
current generating projects and firm purchase contracts; next are conser- 
vation programs and generating projects that have already received a go- 
ahead from the City Council in earlier years. Obviously, although 
they're not yet in evidence, their potential energy is already being 
counted to meet deficits forecast in earlier years; hence, chey're not 
available to help close the currently forecasted gap. It cuds with pilot 
projects, reasearch projects, technologies being monitored for their 
twenty- first-century potential, options being dropped and prospective 
projects expected in succeeding Data Bases. Notice that none of this 
information — the here-and-now in the beginning of the book or the 
maybe-someday at the end — contributes to meeting the current problem: 
chjosing options to meet the currently identified deficit. 

Genuine resource options — those with deficit-reducing potential — 
comprise the central core and by far the largest section of the Data 
Base. The I 98 I Data Base contains more than 100 options, ranging from 3 
to 12 pages in length, each placed in one of the six resource cate- 
gories. If selected or moved ahead, any of the 100-plus proposals would 
reduce our expected load or add to our projected energy supply. Of par- 
ticular importance to planners are the explicit statements about assump- 
tions underlying all calculations; the standard, easily scanned, 
single-page sutsBaries; and the use of eight standard headings or data 
elements for organizing and displaying all data. In order, the data ele- 
ments are: 

1. General: resource, project or program description; existing 

features, if any, and those to be added; state-of-the-art of relevant 
technologies; ownership arrangements, funding possibilities. 

2. Timing : significant milestones and time required for major activities 

that must precede endorsement and energy production or savings. 

3 . Energy : amount and kind (on peak, intermediate peak, off peak, firm, 

non- firm) generated, offset or saved durir^ particular time periods; 
seasonal profile showing energy available each month. 

i<. Economics ; four key indicators (net present value, savings/investment 
ratio; benefit/cost ratio, and levelized cost) alor^ \/ith expected 
capital costs (or Seattle's expected share of costa) for construction 
or program development for each year prior to energy availability as 
well as each year of project or program life. 

5 . Environmental and Social ; reference to environmental checklists, 

analyses and/or impact statements; possible impacts and corresponding 


594 


ORIGfNAL PAGE iS 
OF POOR QUALITY 


mitigations for changes to animal, plant and hunan populations caused, 
for example, by generation, transmission, rights of way, manufacture 
of needed materials, procurement of fuels. 

6. Legal and Institutional ; other agencies involved, rights to be pro- 
tected, existing and projected legislation, judicial review, rulings 
and documents of importance. 

7. City Light Plannin g: pre-endorsement, research and other planning 

activities (as distinct from project development activities), proposed 
methods, likely costs and probable planning times. 

8. References ; all sources used and locations of these documents. 

Year III; During the third year (1982) we were expected to produce mixes 
of resources, each capable of meeting future needs with different costs, 
benefits and trade-offs. The 1982 exercise turned out to be far from 
academic. Seattle was, and is, thinking about acquiring a share of the 
Creston Coal Plant sponsored by Washington Water Power, an investor-owned 
utility. To help make this decision, the Council directed us to identify 
at least 230 megawatts of alternatives to Creston. 

The ensuing work required using and expanding ths Data Base, working with 
a new citizens' committee and responding to advocates for particular 
approaches ranging from all conservation to all thermal power. 

As a temporary target, we used the 306-megawatt deficit in our own load 
forecast, a gap based on an expected increase of 46? from our current 
950-megawatt load to an anticipated 1351-megawatt load in 1982. Another 
bleak and expensive prospect was our seasonal load imbalance. Our winter 
load, now 15? higher than our annual average, will be 30? higher in 
another 20 years. But hydro, for decades our all-purpose answer, can't 
meet our vjinter bulge unless the run-off from one winter's frozen streams 
and snovf packs can be stored and released the following winter. And 
hydro sites able to support large reservoirs have long since been 
exhausted. 

Still other problems were posed by an array of moving targets: substan- 

tial variations among the region's forecasts; changing technologies, 
timetables and end uses; sites yet to be located; a Regional Power Plan 
yet to be announced; a BPA contract still being negotiated; BPA rate 
increases greatly exceeding our own. 

After developing four different 306-megawatt mixes, none of vjhich gave us 
a reserve margin, we faced up to the need for more flexibility to deal 
with this planners nightmare of unknowns. We developed a larger target: 
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1|50 megawatts. And uo began meeting it with the City's designated 
priority —conservation. In addition to conservation impacts over the 
last five years, the City Council has already approved programs expected 
to shave another 198 nogawatts from future loads. These projected 
savings range from a 3 megawatt streetlight conversion program to 40 
plus megawatts from stringent new requirements th.it are deterring conver- 
sions or enforcing conservation measures when homeowners add electric 
heat. Finding out how much more conservation can be squeezed from our 
service area required an exhaustive study. This assessment turned up 178 
additional megawatts from all sources except bans and connection charges. 

Another assessment turned up 172 megawatts that could cone from alter- 
native generation (cogeneration, small hyuro, solid waste, biomass, 
geothermal and wind), three quarters of it no more costly than the 
Creston Coal Plant. Finally, we recommended 100 megavratts of some kind 
of thermal energy — possibly from the coal plant, possibly from other 
sources. The recommendations and a summary of the backup work are 
described in six documents; the title of the summary volume is Energy 
Options . 

If we meet the entire target, we can reduce our BPA purchases from 2b% of 
our current load to 11? of a larger load. If we exceed our goals, we'll 
have a source of revenue or a contribution to make to the resource pool 
the Northwest will need in the 1990's and beyond. Whatever the case, 
we'll be adding to our customers' equity in a system in which they 
already have a $600 million investment. 

In 1983, we'll be testing the effect of energy options on our projected 
deficit, not only singly but in a large number of combinations to deter- 
mine desirable resource mixes. 

In the meantime, the same planners who were earlier' inundated v/ith paper 
are now visiting industries with cogeneration potential and tramping the 
countryside to inspect small hydro sites. Their examination of a myriad 
of possibilities is, or will be, mirrored throughout the region for very 
few of our current energy possibilities will have major load impacts 
individually. Any major imoact must come from rany separate options, 
individually located, chosen and developed, all with risks and none with 
money-back guarantees. 

The theme of Energy Optl ons is that these kinds of preparation and risk 
go hand in hand with the commensurate benefits of an energy future that 
is selected instead of imposed. Acquiring useful information and making 
systematic plana are the essential foundation of Seattle's energy future. 
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INTEGRATION OF FISK .AND WILDLIFE DATA WITH GEOBASED 
AND REMOTELY SENSED LAND USE/LAND COVER DATA — 

A DEMONSTRATION USING SITES IN PENNSYLVANIA 

12 3 

Charles T. Cushwa , Germain LaRoche , and Calvin W. Du Bruck 


ABSTRACT 

The U.S. Fish and Wildlife Service developed a statewide fish and wildlife 
data base for the Pennsylvania Game Commission that includes 125 categories of 
information on each of the 844 species. This species data base is integrated 
with geobased and remotely-sensed land use/land cover data from two sites in 
Pennsylvania. One site is an energy development project; the other is a 
high-energy use area. Analyses using the combined animal and land use data 
bases will be demonstrated for a variety of land use/land cover types at both 
sites. Tlie ability to make "what if" analysis prior to project implementation 
is presented. The Pennsylvania Fish and Wildlife Data Base will also be 
demonstrated during the Poster Session. 





Senior Wildlife Biologist, U.S. Fish and Wildlife Service, Kearneysville, W 

Senior Land Use Analyst, Environmental Engineering Branch, Nuclear 
Regulatory Commission, Washington, DC 

Biomctrlclan, Division of Land Man.agoraent , Pennsylvania Game Commission, 
Harrisburg, PA 
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INTRODUCTION 

An nbundnncc of animal information is available for resource planning and 
management (Du Brock et al. 1981); however, much of this information is not 
used because definitions are not consistent and the Information is in a variety 
of formats (Cushwa and Du Brock 1981). In an attempt to alleviate this problem, 
the U.S. Kish and Wildlife Service developed, "A Procedure for Describing Fish 
and Wildlife (Mason et al. 1979). The "Procedure" provides a framework for 
compiling and standardizing fish and wlldlfe species information in a computerized 
data base and has been applied in Pennsylvania and seven other States. 

n>e Flsli and Wildlife Data Base developed in Pennsylvania following the 
"Procedures" Includes distribution, legal status, life history and management 
information for 844 species of vertebrate and Invertebrate animals which arc 
resident and common migrants in the State. The data base management system, 
MANAGK (Wllcott 1981), is used to store and retrieve species Information. 

The Pennsylvania Fish and Wildlife Data Base and other data bases compiled 
using the "Procedure" are applicable to many resource planning and management 
needs, including: 

• Inventory and descriptions of species and their life hl.story needs 
by county, drainage basin, food preferences, etc. 

e Pioparatlon and review of permit .ippl lent Ions for surface mining, 
base load power plants, point source discharge, and other regulatory 
uses. 

c Preparaliitn and review of environmental impact assessments and 
baslnwlde planning for fish and wildlife enhancement and protection. 

• Preliminary evaluation and review of flsli and wildlife resources on 
alternate sites for energy development projects. 

• Environmental elucation, extension, and research. 

In terms of environmental analysis, fish and wildlife information needs 
Include the following six categories of information (Cushwa et al. 1980, NRC 
Regulatory Cuides 4.2, 4.7, 4.8, and 4.11): 

1. Animal distribution and abundance. (Species present, including 
actual and potential geographic ranges.) 

2. Animal liabltat relat lons/assoclal ion . (Species habitat requirements.) 

3. Aval lalij 1 ity of Iiahitat and value. (Quantity of required habitat 
available.) 

4. Habitat distribution. (Habitat location. Including Juxtaposition 
and intersperslon) 

3. Inti'rrelat Ions and effects. (Animal species and habitat response to 
land use/ land cover changes) 
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6. Human rolatlonshlps/deslres. (Project/management wildlife goals or 
objectives) 

Past environmental analysis focused on a feu high value species such 
as — sportfish and game, pest species, threatened/endangered species — 
regardless of their value In the ecosystem. However, the Pennsylvania Fish 
and Wildlife Data Base permits the decisionmaker to: (a) quickly and cheaply 

access and review the fish and wildlife species as well as animal communities 
likely to occur In a project area, (b) synthesize animal-habitat association, 

(c) integrate fish and wildlife data wltli other resources on the project area, 
and (d) simulate the effects of alternative land use/land cover changes. 
Typically, weeks or months of effort were expended in literature searclies to 
make preliminary environmental analysis at the species level of detail. This 
can now be accomplished in minutes using the Data Base. In addition, species 
information can be aggregated by habitat type, land use or cover, location and 
a variety of other parameters for Integration with other data bases. 

To supplement animal information systems, computer-generated maps (geographic 
information systems - CIS) are being used more frequently in environmental 
analysis and planning. The long established capabilities of aerial photography 
and the more recent landsat imagery are being integrated with GlS's. In this 
paper, we demonstrate a third clement; a computerized fish and wildlife data 
base to provide an even more useful information system for siting energy 
facilities, and for use by land use planning and resource management. 

Utilizing state-of-the-art remote sensing techniques to identify tlie land 
use/land cover types in a project area and integrating this information with 
selected CIS elements (c.g., USCS topographic sheets, U.S. Bureau of Census 
DIMIiS) provides information on fish and wildlife habitat availability and 
distribution (items 1/3 and above). Using a computerized fish and wildlife 
data base like the one in Pennsylvania provides informailon (items i‘l and (?2) . 

Even more desirable, we can now examine "what if" situations to explore Inter- 
relationships and objectives (items and i/b) before initial construction of 
a project. 

In this presentation and in the Poster Session (to be lield tomorrow 
evening in the Calhoun Room), we will demonstrate our ntegrated approach 
utilizing two areas in Pennsylvania — tlie Berwick site, centered on a base-load 
power plant and the Lancaster site, a lilgli-energy use urban and agricultural 
area (Figure 1). 


DESCRIPTION OK STUDY SITES 

The National Aeronautic and Space Administration (NASA), Pennsylvania 
Power and Light Company Company (PP&L), and tlie Nuclear Regulatory Commission 
(NRC) conducted a four-point evaluation to determine the aiqil icahil Ity of CIS 
and remotely-sensed data In environmental analysis on the Berwick and Lancaster 
sites (Campbell and Ballard 1^*82) . PP&L has an environmental land use data 
base wltli 42 elements that covers their entire service area (10,400 square 
miles) in Pennsylvania (Sclioonhoven l‘)82) . PP4L is building a nuclear power 
plant near the town of Berwick and has site-specific Information as required 
by NRC regulations, such as a list of plants and animals actually observed 
on-slfe and In the nearby Susquelianna River. The Berwick site is also typical 
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of many areas In the East — It is located In a large river valley, with 
sparse population, forested hills and small farms on the more level areas. 
The Lancaster site and county is one of the most productive agricultural 
counties in the U.S. By centering the study area on the city of Lancaster, an 
urban area surrounded by a highly agricultural area, NRC could evaluate this 
type of area's suitability for siting a nuclear power plant. 


Both project sites contain 400 square miles, 20 miles on each side. 
NASA's Goddard Space Center determined the areas of each land use/land cover 
type within the two sites (Tables 1 and 2) utilizing PP&L'o environmental land 
use data system (ELUDS). 


Tne Lancaster site lias more than twice the area in agriculture (cropland- 
pasture and orchards) (73.8%) as compared with the Berwick site (33.2%). On 
the other hand, the Lancaster site has only about 1/lOth (9.8%) of its area in 
forest land compared to the Berwick site with slightly more than half (55.8%). 


FISH AND WILDLIFE DATA BASE 

The Pennsylvania Fish and Wildlife Data Base Includes 125 fields of 
information for each species in the following categories: taxonomy, distribu- 

tion, legal status/use, species origin, population descriptors, habitat associ- 
ations, food habits, niche requirements, management practices, and references 
(Mason ct al. 1979). Species descriptions wore compiled from existing scientific 
literature; standard, consistent definitions and terminology were ensured by 
the coding instructions and 25 standard references. Each entry in the Data 
Base is based upon research, field studies, field notes, or other valuable 
expert knowledge and referenced in the Data Base (Cushwa et al. 1980). The 
Data Base was not designed to replace biological field studies, but to provide 
supplementary information to complement site-specific (biological field) 
studies. 


COMBINING THE LAND USE/LAND COVER DATA WITH FISH 
AND WILDLIFE DATA FOR TWO ENERGY SITES IN 
PENNSYLVANIA 


The Lancaster Site 

The areas of land use and cover types at the Lancaster, Pennsylvania, 
site were determined from ELUDS (PP&L's Environmental Land Use Data System) as 
modified by NASA (Table 1). The LU/LC classes and definitions used in ELUDS 
were the same as those in the Pennsylvania Fish and Wildlife Data Base. Both 
used a classification developed by Anderson et al. 1976. We searched the 
Pennsylvania Data Base and developed a set of animal data for species known to 
occur In Lancaster County, and to be associated with each land use/land cover 
class on the Lancaster site (Table 3). We found 233 animal species associated 
with tlie land use/land cover class agriculture (level I) - cropland/pasture 
and orchards (level II) (Anderson et ai. 1976). This "type" comprises 73.8% 
of the project site and provides potential habitat for 9 amphibians, 149 
birds, 24 mammals, 14 reptiles, 35 terrestrial insects and 2 other terrestrial 
Invertebrate species. Total computing cost to generate this set of animal 
information was $0.45. The common and/or scientific names of these animals 
plus any of the 125 fields of species information could be reported in this 
"set." 
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TABLE 1. AREAS OF LAND USE/LAf<D COVER TYPES AT THE LANCASTER SITE. 

Original data, in polygon fona.obtainod froni the 
Pennsylvania Poijer and Light Company's Enviroamental 
Land Use Data System (ELUOS) and gridded to 67 mater 
pixels by NASA/Goddard Space Flight Center, 


Tyf>e 

Miles Sq 

Acres 

Kilometers 

Sq 

Hectares 

% of 
Total 

Urban 

51.9 

33,233.7 

134.5 

13,449.5 

13.0 

Cropland & Pasture 

295.0 

103,020.1 

764.3 

76,426.6 

73.7 

Orchards 

0.7 

469.2 

1.9 

189.9 

0.1 

>70Z Evergreen Forest 

0.2 

159.6 

0.6 

64.6 

0.0 

>702 Deciduous Forest 

34.7 

22,232.3 

20.0 

8,937.3 

8.7 

Mixed Forest 

3.6 

2,336.1 

9.5 

545.4 

1.0 

Shrub Land 

0.1 

49.9 

0.2 

20.2 

0.0 

fiarbaccous (tizzdera) 
flafiljalarld 

0.0 

0.0 

0.0 

0.0 

0.0 

Latlsnd Forostc-d 

0.4 

229.6 

0.9 

92.9 

0.1 

Barron Lend 

0.4 

259.4 

1.1 

105.0 

0.1 

Katerhody 

11.9 

7,617.1 

30.8 

3,002.6 

3.0 

UncUssified 

1.1 

553.0 

2.2 

226.0 

0.3 

Total 

400 

255,000 

1,035.0 

103,600 

1C0.0 
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TABLE 2. AREAS OF LAND USE/LAND COVER TYPES AT BERWICK SITE. 

Original data, in polygon fonn, obtained from the 
Pennsylvania Power and Light Company's Environmental 
Land Use Data System (ELUDS) and gridded to 67 rrjater 
pixels by NASA/Goddard Space Flight Center. 


Type 

Miles Sq 

Acres 

Kilometers 

Sq 

Hectares 

S of 
Total 

Urban 

21.5 

13,737.0 

55.6 

5,559.6 

5.0 

Cropland i Pasture 

132.1 

84,549.0 

342.2 

34,216.5 

33.0 

Orchards 

0.8 

492.5 

2.0 

199.3 

0.2 

>70X Evergreen Forest 

3.3 

2,097.6 

8.5 

843.9 

0.8 

>70S Deciduous Forest 

150.6 

96,387.0 

350.1 

39,007.6 

38.0 

Mixed Forest 

63.0 

40,336.1 

163.2 

16,323.8 

16.0 

Shrub Land 

1.9 

1,215.7 

4.9 

492.0 

0.1 

Herbaceous (Meadow) 
Rangeland 

0.4 

234.0 

0.9 

94.7 

0.1 

Wetland Forested 

4.0 

2,580.0 

10.4 

1,044.1 

1.0 

Barren Land 

15.2 

9,701.4 

39.3 

3,926.1 

4.0 

Waterbody 

6.5 

4,135.2 

16.7 

1,673.5 

1.6 

Unclassified 

0.7 

532.9 

2.2 

213.9 

0.2 


400 256,000 1,036.0 103,600 100.0 


Total 
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Other land use/land cover classes on the Lancaster project site Included: 

1. Urban (level I) (Anderson et al. 1976) occupies 13.0% of the project 
site and 140 animal species occur In Lancaster County and are associated 
with this class. Computing costs to produce this set were $0.37 
(Tabic 3). 

2. Deciduous forest covers 8.7% of the project site In Lancaster County 
and there are 247 animal species which occur In the county and are 
associated with this "type." Computer costs to produce this set 
were $0.42. 

3. Three percent of the project site Is covered with water. There are 
167 animal species In Lancaster County that are associated with this 
habitat type. Cost to produce this set was $0.37. 

Total computing costs to associate animals In Lancaster County with four 
land use/land cover level I or II classes was $1.60. These four types account 
for 99% of the project sites (Table 3). 

In addition to associating the animal data with land use/land cover 
classes, the animal data base can be used to make simulations or "what if" 
types of preliminary analysis. For example, "if" PP&L and NRC want to look at 
Lancaster as a potential energy development site, we can develop a "set of 
animal data" which includes species In Lancaster County and are associated 
with any of the four land use/land cover classes In Table 3. This "set" 
included 440 animals in the following groups: 

24 AMPHIBIANS 
225 BIRDS 

1 CRUSTACEANS 

47 FISH 

7 INSECTS-AQUATIC 

51 INSECTS-TERRESTRIAL 

38 MAMMALS 

20 MOLLUSCS 

2 OTHER-TERRESTRIAL INVERTEBRATES 

25 REPTILES 
440 ANIMALS 

COMPLETED. 

COST: I/O $ .11 CPU $ .03 CONNECT $ .03 TOTAL $ .17 


cr\f. 
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We were Interested in the status of these 440 aninals that may 
occur on the Lancaster site, so we group the animals by status, as follows: 

72 UNLISTED 
27 COMMERCIAL 
81 COHSUMR-RECREATIONAL 
22 INDICATOR 

245 NON-CONSUMPTIVE RECREATIONAL 
340 SEE COMMENTS 

25 SENSITIVE 

1 STATE-ENDANGERED 

26 UNKNOWN 

NUMBER OF VALUES LISTED: 9 

COMPLETED. 

COST: I/O $ .11 CPU $ .03 CONNECT $ .05 TOTAL $ .19 

One of the 440 animals species is classified by the State of Pennsylvania 
as endangered, the bog turtle. We prepared a report which contalrs ALL of the 
Information in the data base for the bog turtle. The cost to report the profile 
for 125 fields of Information was $2.64. 

We sorted the data on 440 animals known to occur in Lancaster County 
and to be associated with one or more of the four land use/land cover classes 
by: 

A. Major habitat types 

122 species associated with aquatic habitat types 
76 with riparian habitat types 
274 with terrestrial habitat types 
@ cost of $0.15 

B. Trophic level of the adult life stage 

1 Unlisted 
214 Carnivore 
68 Herbivore 
144 Omnivore 
13 Unknown 
0 cost of $0. 12 

C. Forest size class 

82 Unlisted 
183 Mature size class 
150 Pole size class 

144 Seedling/sapling size class 
124 Unknown 

145 Unstocked size class 
0 cost of $0.19 
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Wetland type 

91 Unlisted 
74 Estuarine 
141 Lacustrine 

3 Marine 

156 Palustrine 
196 Riverine 
99 Unknown 
@ cost of $0.27 

Food habits of the larval life stage 
359 Unlisted 

2 Arthropods-other terrestrial 
5 Detritus-organic 

4 Flower/nectar/pollen 

1 Hardwood fruit 

3 Herbaceous fruit 

16 Herbaceous plant parts 
9 Insects-adult terrestrial 

5 Insects-aquatic 

11 Inoects-lnnature terrestrial 

3 Phytoplankton-diatoms 

4 Plant sap 

2 Rooted aquatic plants 
14 See comments 

1 Softwood fruit 

3 Unknovm 

24 Woody plant parts 
@ cost of $0.45 

Occurrence in % Counties of Pennsylvania 


12 

lOZ 

40 

10-25% 

311 

100% 

33 

25-50% 

22 

50-75% 

22 

75-99% 


@ cost of $0.16 

Adverse management practices 

4 (No practices listed) 

17 Application of fertilizers 
212 Application of herbicides 
287 Application of insecticides 
220 Application of pesticides 
62 Channelization 
124 Clean farming 

22 Creation of small and large impoundments 
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22 Creation of suburban residential areas 
3 Even age timber management 
1 Farm pond development 
16 Grassland burning 
14 Grazing 

26 Impoundment of waterways 

6 Increase in deep water habitats 
184 Industrial pollution 

99 Intensive agricultural practices 
103 Intensive recreational development 

13 Maintain early stages of succession 
1 Maintain mast producing trees 

7 Maintain mature hardwood forestr 
18 Maintain mudflats 

14 Maintain overmature hardwood and coniferous forests 
56 Man caused fluctuation in water level during breeding 
20 Navigational improvements 

3 Plantings 
1 Prescribed burning 
29 Reforestation 

88 Removal of forest land for farming 
83 Removal of strearaside vegetation 

3 Retain or produce special habitat features 

4 Retention of wilderness 
51 See comments 

32 Slltation 

1 Thinings and release cuttings 
58 Timber harvest 

3 Timber stand improvement 
67 Unknown 

79 Urban or agrarian development 
@ cost of $0.59 

H. Niche requirements of species with an external egg life stage 

45 (No requirements listed) 

1 Air temperature: see comments 

2 Aquatic zonation :Littoral 

6 Aquatic/terrestrial ecotone:sea comments 
67 Aquatic/terrestrial ecotonetunknown 

5 Caves-dry: unknown 
1 Caves-wct runknown 

1 Cliffs/ledgesrsee comments 
12 Cliffs/ledges runknown 
1 Coastal zone:unknown 

4 Coniferous forest association: see comments 
99 Coniferous forest associationrunknown 

28 Decaying plants runknown 

5 Dissolved oxygenranoxyphilous 
1 Dissolved oxygen reuoxyphllous 

36 Dissolved oxygen rmesoxyphllous 
1 Dissolved oxygenroligoxyphllous 
1 Elevation: 14000-15000 ft 
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2 Grasses: see comments 
24 Grasses:unknown 

26 Grassland: unknown 
1 Groundwater: see comments 

10 Hardwood forest association: see comments 
103 Hardwood forest associatlon:unknown 

3 Herbs: see comments 

14 Herbs :unknovm 

21 Human association: see comments 

31 Human association: unknown 
6 Inland wetland: bogs 

1 Inland wetland ; ditches 
1 Inland wetland :embayments 

4 Inland wetland:island inhabitant 

11 Inland wetland:pool areas 

3 Inland wetland: prairie potholes 

6 Inland wetland: seasonal wet depressions 
36 Inland wetland: see comments 
1 Inland wetland: sink holes 

16 Inland wetland: sloughs/ bayous 

1 Inland wetland: tundra 
30 Inland wet land: unknown 

5 Inland wetland: vegetated stream banks 

22 Inland wetlana:weedbeds-lake 

15 Inland wetland :weedbeds-stream 

8 Leaf lltter/debris/humus:sae comments 

17 Leaf lltter/debris/humus:unknown 
33 Meadows: unknown 

24 Nest sites:c3vities-dead/dylng trees 
24 Nest sites :cavitles-live trees 
5 Nest sites :depressions 
19 Nest sites:see comments 
168 Nest sltes:unknown 
28 Old fields :unknown 
54 Orchards: unknown 

2 Pastures :see comments 
33 Pastures :unknown 

4 pH:alkallphllous 
15 pH: indifferent 

23 pH:neutral 

1 Salinity :euryhalinous 
41 Salinity :oligohalobous 

2 Seeps/springs:see comments 

3 Shrubs: see comments 
62 Shrubs : unknown 

1 Soil: gravel 

2 Soil: loamy 

14 Substrate :embenthic 
33 Substrate:epibenthic 

1 Substrate:epilithlc 

3 Substratc:epipel ic 

32 Substrate:epiphytlc 

2 Substrate:episabulic 
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11 Substrate :cplxylous 

IL Substrate : sec comments 
1 Substrate :unknovm 
14 Successional stagetsee comments 

12 Successional stage:unknown 

1 Suitable host: see comments 

2 Turbidlty:eullchotophilous 

1 Turbidity imesolichtophilous 

2 Turbidity:polylichtophilous 
18 Unlmown 

4 Vegetation mosaics/edges:see comments 
46 Vegetation niosaics/edges:unknown 
1 Velocity: see comments 
20 Velocity: 0.5 fps 
4 Velocity : 1 .0-1 .5 fps 
18 Velocity:. 5-1.0 fps 

1 Vines: see comments 
17 Vines :unknown 

20 Water depth preference: 1 ft 
23 Water depth preference: 1-5 ft 
4 Water depth preference :5-10 ft 
14 Water level :permanently flooded 

2 Water level :seasonally flooded 

1 Water level : semipermanently flooded 

1 Water level:steady-state reservoir levels 
41 Water temperature:nesothemiai 

2 Water temperature: oligothermal 
1 Water temperature:see comments 

0 cost of $1.31 

The above sets A-H demonstrate how the Data Base can provide detailed 
information on about 440 species of animals associated with land use/land 
cover classes for a project site in Lancaster County, Pennsylvania. Total 
costs for the Lancaster analysis were: 

$1.60 individual land use/land cover analysis 
.17 land use/land cover animal group 
.19 land use/land cover animal status 
2.64 bog turtle species profile 
3.24 sets A-H 
$7.84 TOTAL COSTS 

Total time in making this analysis was one hour. 


Tlic Berwick Site 

The Berwick site includes land in Luzerne and Columbia Counties, Pennsylvania. 
Five land use/land cover types included 99% of the project site (Table 2). We 
followed the same process in analyzing animal associations at the Berwick site 
as used at the Lancaster site; l.e., we grouped animal species into "sets" 
whicli corresponded to animal species known to occur in Luzerne or Columbia 
Counties and to be associated with each of the five land use/land cover classes. 

At the Berwick project site there were 253 animal species associated with 
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the level I class, ‘‘forest, " including 17 amphibians, 145 birds, 49 mammals, 

14 reptiles, 26 terrestrial Invertebrates, and 2 other Invertebrates (Table 
4). Tlieie were 223 animal species associated with cropland-pasture and orchards; 
133 in the urban class; 17 in barren; and 144 in the water class. Computing 
cost for the five sets was $2.23. 


A Comparison of Animal - Land Use/Land Cover Data 
F om Two Sites 

At the Lancaster site, 73.8% of the study area was classified as agricul- 
ture, which included cropland-pasture and orchards. There were 233 animal 
species associated with these land use/land cover classes. At the Berwick 
site, 33.2% of the study area was classified as cropland-pasture and orchards. 
There were 223 animal species associated with this type' including the same 
number of birds and 3 more species of mammals than at the Lancaster site. The 
number of animal species lu the other taxorjnlc groups was also similar for the 
two sites (Table 5) . 

At the Lancaster site, 9.8% of the study area was classified as forest. 
There were 247 animal species associated with this class. At the Berwick 
site, 55.8% of the area was forest, including coniferous, deciduous, and mixed 
forest types with a total of 253 animal species associated with these types. 
It appears that the greater number of forest types at the Berwick site may 
explain why there were 13 more mammal species and 5 more bird species at this 
site. The significance of these differences is not clear. A much more detailed 
analysis within major groups of animals would be required to explain some of 
these differences. However, our purpose here is not to analyze differences 
in the ecology of the two sites, but to demonstrate the capability of the 
Pennsylvania Data Base to associate the animals with classes of land use and 
cover determined by remotely-sensed data coupled with a geographic Infonnatlon 
system. Examples of this type of analysis will be demonstrated during the 
Poster Session. 

Information about the Pennsylvania Data Base can be obtained by contacting 
the Pennsylvania Game Commission; Mr. Jacob Sltlinger, Chief, Division of 
Land Management, Pennsylvania Came Commission, P. 0. Box 1567, Harrisburg, 
Pennsylvania 17120. Tcleplione: 717/787-6818. 


CONCLUSIONS AND RECOMMENDATIONS 

We have demonstrated one approach of integrating fish and wildlife data 
with land use/land cover classes on two sites in Pennsylvania. The effectiveness 
of this approach depends upon the quantity and quality of information in the 
data base, user information needs, and how well the land use/land cover classifi- 
cation schemes group animals into meaningful biological units or ecosystems. 

An animal data base designed according to guidelines developed in Pennsylvania 
can be used to make an inexpensive, quick first look at fish and wildlife 
resources on or near to energy development sites. It could also be a useful 
tool for the evaluation of potential impacts of construction of energy facilities 
and long-term operation of a facility on fish and wildlife. 
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Table 5. A comparison of animals associated ’.vith foiir land use/land cover classes at the Lancaster ard Berwick 
project sites in Pennsylvania. 



Agricultm'e 


Forest 

Urban 

Water 


L 

B 

L 

B 

1j 

B 

L 

B 


(73.8^) 

(33.25?) 

(9.$% 

) (55.8^) 

(13.05?) 

(5.0?) 

(3.0?) 

(2.0?) 

A.MPHIBIANS (3^) 

9 

8 

17 

17 

7 

6 

15 

15 

BIRDS (250) 

149 

149 

140 

145 

88 

88 

64 

57 

FI3H2S (184) 







47 

48 

I.'AtC.'ALS (65) 

24 

27 

36 

4^ 

16 

16 

5 

6 

REPTILES (41) 

14 

13 

15 

?4 

5 

4 

8 

6 

CRUSTACEAi’iS (4) 







1 

0 

MOLLUSCS (69) 







20 

8 

AQUATIC INSECTS (90) 







7 

4 

TERRESTRIAL INSECTS (92) 

35 

23 

37 

26 

22 

17 



OTHER AQUATIC IIATERTEBRATES (3) 

OTHER TERRESTRIAL INVERTEBRATES (8) 

2 

3 

2 

2 

2 

2 



TOTALS (844) 

~253 

223 

247“ 

253 

140 

133 

i67 

144 
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The key to Integrate the animal data with remotely-sensed land use/land 
cover data was that both data bases used the standard land use/land cover 
classes and definitions developed by Anderson et al.(1976.) Without this 
standardization of data elements and definitions, we could not have integrated 
these data bases. 
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AIR FORCE ENERGY REQUIREMENTS 

BRIAN R. LENZ, MAJOR USAF 

HQ USAF/LEYSF 

WASHINGTON D.C. 20330 

The energy status, goals and objectives of the Air Force will be outlined in the areas 
of airerift, vehicle and installation operations. Past accomplishments Ln reducing 
energy consumption will be used to introduce on going energy programs and challenges 
to the Air Force in energy manage nent. The Air Force has developed an extensive 
and successful energy conservation program. New and innovative approaches must be 
undertaken to continue the past momentum in reducing energy consumption. Air 
Force activity and requirements in new energy technologies such as solar, geothermal, 
wind energy, refuse derived fuel, snale oil, biomass and coal will be described. 

The private sector development of new energy technologies and techniques eould 
significantly contribute to Air Force energy conservation. The Air Force is looking at 
innovative approaches to obtain private sector energy expertise and complete new 
energy projects. One approach is for a contractor to develop and operate a specific 
energy source or improve ♦he on base energy system efficiency. The contractor would 
then be paid over a period of time by the savings that develop. This would accelerate 
the energy technology transfer from industry and provide a market place for private 
industry. 

Specific procedures and points of contact will be described to assist contractors ir 
doing business with the Air Force. The primary offices involved in energy technology 
development will be outlined along with areas with a potential to be contracted out. 
General contract procedures and contract clauses will be introduced to aid contractors 
interested in doing business with the Air Force. 
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LRNDGAT USERS POFUM 


R. Koffler and D. Cotter 
Department of Octmerce 

National Oceanic and Atmospheric Administration 
National Earth Satellite Service 
Washington, D. C. 20233 USA 


EXTENDED ABSTRACT 


lOTRODUCTIGN 


The National Oceanic and Atmospheric Administration (NQAA) manages and 
operates the nation's civil operational earth remote sensing satellite 
programs. Landsat D, launched in July 1982, is the space ccnponent of 
tlie new, operational land satellite systan that NOAA will initiate on 
Jcinuary 31, 1983. The mode of operation of this new systen is estab- 
lished. Published data collection objectives, production line 
processing, and fixed product delivery schedules are its main 
characteristics . 

OSEPS PORUM 


NOAA officials will provide attendees with an overview of the new 
Landsat system and the way that it will be operated. System decisions 
that remain open, new landsat product prices, and the issue of oenmer- 
cialization will be discussed. POst of the period will be reserved for 
questions, cemments, emd suggestions frem the audience. NOAA will pro- 
vide mailing naterials for those wishing to make written octmionts. 
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"Low Cost Laser Disk for Geo-Referenced Data Storage" 

VUlliam J. Campbell 

Eastern Regional Renote Sensing Applications Center (ERRSAC) 
llASA/Goddard Space Flight Center 
Creenblt, MD 20771 


Presently, the storage, manipulation and diocrlinlnation of georeferenced 
data including satellite data is handled by a variety of approaches and 
systems. More often than not, these systems are not compatible In storage 
and retrieval format nor are the different data physically stored within 
easy access with each other. The huge volume of data returned by sate- 
llite either in digital or analog format can be stored on video disc. 

Any ancillary or complementary data to a given piece or pieces of real 
estate can also be stored on video and cross referenced between and among 
these multifaceted data types. Tl»is data Includes satellite imagery, 
images constructed from MULTIDATE Landsat MSS and RBV data. Thematic Mapper 
(if available), HCMM, aerial photography, topographic and thematic maps, 
charts, and land use statistical data. 

Video discs currently on the market (GE, Discovlsion, Sony) will allow 
up to 108K (both sides) of storage with access tines 1/3 to 3 seconds 
to seek out and display any individual frame. An obvious advantage when 
compared with v:\agnatic tape is in storage space and handling. The storage 
access can be accomplished by a variety of computerized data base 
management systems such as direct, hierarchical, key word and Network 
searches. Finally, cost advantage for storage in the range of lOH bits 
is approximately $40,000 vs. $20 once the initial disc is pressed. 


617 


r\- 





Part 6 


APPLICATIONS: POSTER SESSIONS 


rUECEDlNG PAGE DL.WK I'^OT. FILMED. 


619 


ORIGINAL PAGE fs 
OF POOR QUALITY 


SOLAR TECHNOLOGIES: 

WHEN IS THE RESOURCE 
COST TOO HIGH 
Y. M. Schiffman 
President 

Schiffman Energy Services, Inc. 

Springfield, Virginia 

This poster session reports on one aspect of the Technology Assessment of 
Solar Energy (TASE) Project. TASE was a comprehensive multi-year analysis 
of the environmental and community impacts which would result by the year 
2000 if major national incentives were adopted to accelerate the use of 
solar and biomass technologies. The study employed a comparative approach 
to examine the probable impacts of large numbers of solar the biomass 
units and the reduction of a comparable amount of energy produced by 
conventional units. These comparisons are made by examining the oirect 
and indirect pollution impacts associated with energy production, the 
capital and labor costs of systems operations, maintenance and 
construction, and the materials, land, and water resources that would need 
to be committed. 

Overall, the study concluded that major incentives for solar and biomass 
technology development can lead to significant air pollution and safety 
problems as well as to major stress on national capital and materials 
resources. The rapid rate of growth associated witli major incentives for 
solar and biomass technologies could markedly increase energy demands in 
the manufacturing sector. The potential environmental problems and 
increases in worker health and safety hazards would largely derive from an 
increased emphasis in the manufacture of numerous small decentralized 
systems. Increased use of small uncontrolled biomass combustion units 
would also likely exacerbate existing local air quality problems in many 
regions of the U.S. The capital and materials resource problems derive 
from emphasis on the high, near term growth in solar technologies. A 
general solution to this problem lies in greater emphasis on biomass 
tecluiologies , particularly those ammenable to controls and in emphasizing 
the construction of community scale solar technologies. 

The poster session will focus on the resource commitments of both 
conventional and renewable technologies. Comparisons will be made on a 
10*^ Btu basis to provide a consistent frame of reference for all 
discussions. Other aspects of this three and one half year study can be 
explored if the audience desires. The study made use of several large 
scale system dynamics models, models which the author helped design. 

These models have several interesting features for those interested in 
regional and state level energy modeling. 
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Practical Applications Using A High kesolution Infrared Imaging System 

Uavid W. Baraniak 


Abstract 

Infrared imaging systems can bo classified into three general categories, low resolution, 
medium resolution and high resolution. It is the purpose of this paper to highlight spec- 
ific applications best suited to high resolution, television capatable, infrared data ac- 
quisition techniques. 

The data was collected from both ground based and aerial based mobile positions where 
the temperature differentials varied from 15°C to 25^C. 

Specific applications include scanning building complexes from the exterior using a 
ground based moving vehicle, scanning buildings, concrete bridge decks and terrain from 
the air using a helicopter and scanning building interiors using a mobile hand truck. 

Introduction 

By definition, high resolution imaging equipment produces a television signal equal to 
525 lines horizontally, with each line containing 400 picture elements. The m^nimati resol- 
vable temperature difference of the 8 to 14 micron sensor must be at least 1/2°C. 

The unit used to collect the data contained herein was a Flir Systems model 100 TTV 
(Thermal Television) portable infrared camera. This unit was selected because of its 
direct television compatability and high resolution imagery. When connected to a portable 
video tape recorder and television monitor, the system becomes mobile and can be used on a 
cart, in a vehicle, in a helicopter, or in a fixed wing aircraft. 

All of the data collected for energy conservation and surveillance is qualitative (i.e. 
no direct temperature measurements from the emitting surface are made) . The difference 
in picture shading (grey tones) is due to the relative difference in object surface temp- 
erature. Usually, the lighter tones are warmer and the darker’ tones are cooler. 

Data collected from the inside or outside of a building requires a temperature differ- 
ential of at least 15°C for good thermal and spatial image quality. 

As a practical matter, solar loading of exterior walls and roofs is not recommended when 
looking for insulation voids. However, the solar loading of flat roof docks or concrete 
surfaces when looking for wet insulation or concrete sub surface delaminations is required 
to produce good thermal patterns. With these parameters in mind, the thermal surface 
patterns are then imaged by the camera on a television monitor and at the same time record- 
ed on video tape. When hard copy prints are required, a picture of the television monitor 
is made by using a Polaroid camera attachment. 

Exterior data acquisitio n u sing a vehicle mounted portable infrared unit 

When a great number of buildings or when very large complexes were to be scanned, the 
vehicle mounted unit v/as used to collect the exterior data. This type of scanning is 
usually done in the evening (three to four hours after sundown) when the objects have begun 
to come into thermal equilibrium.. 

With the unit mounted in a vehicle (See Figure A) and aimed at the exterior surfaces, 
the thermal data was recorded on video tape. The vehicle speed determines the quality of 
images. If a very detailed analysis is required, the vehicle should stop and the camera 
should record as much data as possible. This technique allows for hard copy photographs of 
the monitor to be made without blurring the picture. Samples of this data are shown in 
figures 1 thru 4. 

^x terior data aeg ui siti on us ing a h e licopter mounted portable infrared unit 

Data acquisition using a fixed wing or helicopter mounted infrared system (See Figure B) 
is required when a great deal of geographic area is to be covered or a specific area such 
as a roof is to bo scanned. The most important factor in using an infrared system in this 
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manner is its ability to produce high resolution imagery from within a relatively unstable 
environment (i.e. vibrating helicopter). Since the field of view is fixed at 21 x28 with 
the Flir TTV 100, the height of the helicopter or airplane from the target determines the 
amount of imagery presented on the ♦•elevision screen. 

Generally speaking, a helicopter is used when targets, such as single or multi unit com- 
plexes, power lines, substations, bridge decks, roofs and thermally polluted waters are 
scanned for thermal anomalies. The helicopter’s ability to hover over an area make it ex- 
tremely useful to collect quality data. Fixed wing aircraft may be* used for long distance 
flying of pipelines or pavement sections. Samples of thin type of aerial data can be found 
in figures 5 thru 14. 

Where helicopters are flying over populated areas, advance warning must be given to the 
local authorities and public media to forewarn residents of the flight patterns. Where 
night flying is required, a daylight over flight of the target area is required to alert 
the pilot of impending dangers such as high voltage towers, telephone poles, tall buildings, 
etc. 


Interior data acquisition using a portable infrared unit mounted on a hand truck 

When site circumstances require unit portability, the imaging system can be mounted on 
a hand truck (See Figure C) . This type of mounting allows the operator to roll the system 
from point to point, while continuously recording. Where detailed hard copy pictures are 
required, the hand cart remains stationary while the camera records the target image. 

Walk through interior scans of residential, industrial, institutional and commercial 
buildings lend themselves to this method. The temperature differential of 15'^C still 
applies and the lack of solar loading on the exterior surface is a must. Since the surface 
emissivity of interior walls is usually uniform, the data collected tends to be consistent 
from room to room. 

The interior scan procedure is used to detect insulation voids in the wall and ceiling 
areas. Additionally, air infiltration can be located around windows, doors and electrical 
outlets. Most energy audits use the interior scan to locate specific thermal anomalies 
whore repairs are likely made. Figures 15 thru 18 highlight typical hand truck applica- 
tions. 

Additional applications for hand held usage include on site inspection of concrete for 
sub surface delaminations, on site preventive maintenance inspections in industry where 
hot electrical connections and hot bearings are detected, on cite inspection of areas where 
heat transfer problems exist such as blocked heat exchanger passages, etc. 

Summary 

1. High resolution infrared imaging systems allow the laymen to easily interpret the data. 

2. Direct television compatability allows the data to be recorded on standard video 
equipment. 

3. System portability allows the user to choose his mode of operation (i.e. mobile scan, 
aerial scan or hand truck scan) . 

4. Television compatible high resolution imagery with a .5°C minimum resolvable tempera- 
ture differential per picture element allows the data to quantified by computer. 

5. Large data bases can be compiled in a short period of time using video tape (as opposed 
to hard copy prints produced on site) . 
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Figure 1. Frame home exterior 
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Figure 2. Sided home exterior 
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Figure 5. Condominium exterior 
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Figure 3. Condominium exterior 



Figure 6. Wisconsin power plant 
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Figure 14. Interstate bridge deck Figure 1'7. Block building interior 
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Figure 18. Board room interior 
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INTEGRATION OF FISH AND 
SENSED LAND USE/LAND COVER 
SITES IN 


WILDLIFE DATA WITH REMOTELY 
DATA — AND DEMONSTRATION USING 
PENNSYLVANIA 


by 


Charles T. Cushwa, Germain LaRoche and Calvin DuBrock 


ABSTRACT 


The U.S. Fish and Wildlife Service in cooperation with the Pennsylvania 
Game Commission developed a statewide fish and wildlife data base. The 
data basae includes 125 categories of information on each of the 544 
species of animals which are resident or common migrants to the State. 

The animal data will be combined with remotely sensed land use/land cover 
data from two sites in Pennsylvania. One site is an energy development 
project; the other is a high energy use area. Analyses using the combined 
data bases will be demonstrated for a variety of land use/land cover types 
at both sites. Changes in land use/land cover will be interpreted to 
assess potential development impacts on aquatic and terrestrial vertebrate 
fauna- Time and cost information for the analyses will also be presented. 
The animal data base will also be demonstrated during the Poster Session. 


628 



OR.Gl.N'AL PAGE IS 
OF. POOR QUALITY 






j. 

: in 

»; i. - 



.• } 
V r 


t 






THE NUCLEAR REGULATORY COWISSION EMERGENCY 
PLANNING MAPPING PROGRAM 

A. Sinisgalli, E. Weinstein, and J. Coulson 
U.S. Nuclea,' Regulatory Commission 
Washington, D.C. 20555, U.S. A. 


Since the accident at the Three Mile Island nuclear power plant near 
Harrisburg, Pennsylvania over three years ago, the staff of the U.S. 

Nuclear Regulatory Commission has begun making more intensive use of 
remotely sensed data. This, together with data from more conventional 
sources, combine to develop maps that can be used to provide vital 
information, as well as insight, to management as an aid to decision making 
in the event of an emergency. 

Although map information proved useful during the TMI accident, the NRC 
mapping program has now been upgraded to include more remotely sensed data. 
The principal form of this data utilized by NRC is aerial reconaissance, 
both intermediate altitude (about 20 - 25,000 ft.) and high altitude (about 
60,000 ft.). 

The above information is used in conjunction with other data sources to 
present a complete and detailed overview of a particular site. The 
information acquired includes: local and regional topography, generally 

acquired from most recent USGS mapping information; local and regional 
demography, acquired from 1980 Census data and revised for site specific 
considerations; road networks, acquired from local maps and verified via 
remote sensing techniques; and general site characteristics such as land use 
and hydrology, usually verified by remote sensing data. 

The NRC emergency planning mapping program is continuously being upgraded as 
new data becomes available. The presentation of maps depicting the Duane 
Arnold site (in lov/a) provides an insight to the current methods and types 
of information available to NRC. 
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GLOSSARY OF SOME COMMON REMOTE SENSING TERMS 


Following are some of the most commonly used remote sensing terms, 
including those used in the accompanying article. 

ALTITUDE. Height of spacecraft above a sp)ecified datum, usually above 
mean sea level. 

BAND. Set of adjacent wavelengths in the elertromagnetic spectrum which 
has a common characteristic, such as the visable band. 

CHANGE DETECTION. Process by which two images may be compared, resolution 
cell by resolution cell, and an output generated whenever corresponding 
resolution cells have different enough grey tones. 

CHANNEL. There are six channels (scan line detectors), per MSS spectral 
bands A, 5, 6, and 7. Thus the MSS is a 2A channel scanner on LANDSAT 1. 

CLUSTER. Homogeneous group of units which are very much "like" one 
another. Likeness is usually determined by the association of similarity 
or distance between the measurement patterns the units give' rise to. 

CLUSTER ASSIGNMENT. Function which assigns each observed unit to a 
cluster on the basis of measurement patterns in the data sequence. 

CLUSTER IDENTIFICATION. Process in which the cluster assignment function 
is applied to the sequence of observed units, thereby yielding a cluster 
identification sequence. 

COLOR COMPOSITE IMAGE. A color negative, transparency or print produced 
from bulk or precision black and white triplet sets (usually using MSS 
bands A, 5, arid 7). The resulting colors are arbitrarily derived, thus 
the expression "false color". 

DIGITAL ANALYSIS. Machine aided (computer) analysis of digital remote 
rensing data. In this case, Landsat digital data. 

DIGITAL IMAGE, Obtained by partitioning the area of an image into a 
finite two dimensional array of small, uniformly shaped, mutually 
exclusive regions called "resolution cells" and by assigning a 
representative grey tone to each region. 

ENHANCEMENT. Various processes and techniques designed to render optical 
densities on imagery more susceptible to interpretation. 

FALSE COLOR. See color composite image. 
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GEOGRAPHIC COORDINATES. The latitude and longitude used to locate any 
given point on the earth's surface. 

GROUND TRUTH. Information concerning the actual state of ground 
conditions at the time of a remote sensing overflight. 

IMAGE/FRAME. Data from the one spectral band of one sensor for a nominal 
framing area of the earth's surface. 

IMAGERY. Representation or reproduction of objects recorded on 
photographic emulsion; visual representation of energy recorded by remote 
sensing instruments. 

MOSAIC. An assembly of several aerial photographs, usually overlapping, 
onto one picture. A controlled mosaic is one made up of photographs 
restituted to confirm with predetermined ground survey data. 

MULTISPECTRAL. Designates imagery formed, usually simultaneously, in more 
than one spectral region and analyzed jointly. The simultaneous use of 
two or more sensors to obtain imagery from different portions of the 
electromagnetic spectrum. 

MULTISTAGE ANALYSIS. A statistically driven analysis technique using both 
manual and digital analysis of remote sensing data acquired at several 
altitudes, and verified by ground campling techniques. 

REMOTE SENSING. Imaging or recording of physical phenomena at a distance 
by detecting the radiant energy which the phenomena either reflect or 
emit. 

RESOLUTION. Ability of a remote sensing system to render a sharply 
defined image, and including the three following terms. 

GROUND RESOLUTION. The minimum distance between two or more adjacent 
features of the minimum size of a features which can be detected, 
usually measured in conventional distance units such as feet or 
inches . 

IMAGE RESOLUTION. Resolution expressed in terms of lines per 
millimeter, for a given photographic emulsion under specified 
situations . 

THERMAL RESOLUTION. Image resolution expressed as a function of the 
minimum temperature difference between two objects of phenomena. 
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Polytechnical Institute & State University and anM.S. in Soil and Remote Sensing from 
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sition of aerial pliotography for projects in the U.S., Canada, and Thailand; or- 
ganized and directed landuse mapping projects throughout the Midwest and Northeast; 
and participated in over 50 erosion studies, environmental analysis, and site lo- 
cation projects througliout the United States. He is a member of the American So- 
ciety of Photogrammetry , the National Society of Professional Engineers, the New 
Hampshire Society of Professional Engineers, and is a registered Professional En- 
gineer in the State of New Hampsh.irc. 
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Effects Evaluation of the Nevada Operations Office as Technical Program Coordi- 
nator. His principal activities involved managing a program for evaluating and 
documenting environmental effects associated with weapons test activities at Am- 
chitka Island. In May 1971 he joined the Washington Regulatory Office of the AEC 
as a Senior Project Manager. In 1972 he accepted a position of Chief of the new- 
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nuclear regulatory program. 
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in 1972 from Harvard Law School. He has been involved in resoui'ce policy analy- 
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development management approaches in a number of foreign countries. The Adiron- 
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its statutory plans and policies using, in part, computer assisted planning tech- 
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studies in spectral variability in remote sensed data. He holds a Bachelor's de- 
gree in Forestry from the University of California, a Master's Degree in Business 
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Purdue University’s Laboratory for Applications of Remote Sensing (LARS) in a 
technology transfer /research role. Mr. Boyd received a B.S. in Biology from 
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politics. He is a member of two honor societies and of the University's General 
Honors Program. 

RAYMOND P. CURRAN 

Raymond P. Curran , currently employed by the Adirondack Park Agency, State of 
New York, as Supervisor of Natural Resource Analysis, manages the Agency's Geo- 
graphic Information System. He graduated in 1973 from the State University of 
New York, College of Environmental Science and Forestry, with a Master of Sci- 
ence degree in plant ecology. Since joining the Agency staff in 1973, Mr. Cur- 
ran's responsibilities have included environmental impact analysis, resource 
inventory and assessment, and natural resource planning. He is a member of the 
Ecological Society of America, Applied Ecology Section. 

CHARLES T. CUSHV7A 

Dr. Cushwa is a Senior Wildlife Biologist with the Eastern Energy and Land Use 
Team, Fish and Wildlife Service, U.S. Department of the Interior at Kearneysville , 
WV. His work experience over the past 10 years has been as a leader of multi- 
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disciplinary research programs involving the Forest Service, universities and 
the Fish and Wildlife Service. These programs are designed to solve complex 
biological/ecological local, regional, national and international fish and wild- 
life problems. Dr. Cushwa has been engaged for the past 20 years in fish and 
wildlife research. He has been an author or co-author on over 60 publications. 
His special interest has been in the development of improved fish and wildlife 
data bases and habitat classification for resource management, planning, and 
assessments. Dr. Cushwa received his Ph.D. in V/ildlife Biology/Ecology at Vir- 
ginia Polytechnic Institute and State University, Blacksburg, VA. He also re- 
ceived his H.S. degree in Wildlife Management from the same University. He 
received his B.S. degree in biology from Lynchburg College, Lynchburg, VA. 

ANITA DAVIS 

Ms. Davis graduated from Ohio University, Athens, OH in June 1982 with an M.S. 
in Environmental Studies with an emphasis in Environmental Monitoring; and an 
M.A. in Geography. Her two years of graduate study were devoted to monitoring 
the reclamation progress of a heavily strip-mined coal region of Belmont County, 
Ohio. 

MALCOLM DOZIER 

Malcolm Dozie r holds a B.A. degree in Philosophy from the University of North 
Carolina at Chapel Hill. He is presently pursuing an M.S. in Marine Sciences 
and a Master of Applied Statistics at Louisiana State University through an as- 
sistantship within the Center for Wetland P.esources. His present area of inter- 
est is in the application of remote sensing and geographic information system 
technology to problems in wetland ecology. He is a member of the American So- 
ciety of Photogramme try and the Society for General Systems Research. 

CALVIN DUBROCK 

Calvin DuBrock is a Research Biometrlclan for the Pennsylvania Game Commission. 

He has also worked as an Ecologist for the Fish and Wildlife Service at the De- 
partment of the Interior and as a Statistician for the Department of Energy. 

In the areas of research and publications, he has authored and co-authored ap- 
proximately 15 technical documents. His principal research interest and areas 
of expertise are in developing wildlife species data bases to enhance environ- 
mental assessments (from the fish and wildlife perspective) and wildlife planning 
and management. Calvin is involved in Initiating fish and wildlife data bases in 
eight states. He holds a B.S. in Wildlife Biology and Ecology from Michigan 
State University and an M.S. in Wildlife Management from Virginia Polytechnic 
Institute. and State University. He has received additional training in data base 
management and the design of automated data bases. 

JULIUS GY. FABOS 

Julius Gy. Fabos is a professor in Landscape Architecture and Regional Planning, 
University of Massachusetts. Established world reputation in the use of GIS's 
in landscape planning, being particularly noted for the Metropolitan Landscape 
Planning Model — METLAND — procedures of resource assessment, plan formulations and 
evaluations begun in the early 1970's. He is the principal developer of the 
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METLAIID system for landscape assessment and planning; has been awarded numerous 
research grants. He taught at the University of Melbourne, Australia, and has 
travelled widely as both a lecturer and consultant. He is the author of numer- 
ous articles, research bjtlletins and books including his latest. Planning The 
Total Landscape , Westview Press, 1979. 

JACK D. FELLOWS 

Jack D. Fellows is currently a faculty research associate at the University of 
Maryland, Department of Civil Engineering, College Park, MD. He is conducting 
research In the use of geographical information systems, Image processing, and 
data base management for use in computer-based mathematical model parameter de- 
finition. He has worked extensively on merging remotely sensed digital data 
and ancillary data for forecasting in water resources and environmental planning. 
He plans to finish his Ph.D. during the fall of 1982. 

HERBERT J. FIVEHOUSE 

Herbert Fivehouse serves as the Energy Coordinator for the City of Baltimore. 

He provides executive leadership to energy issues on a City-wide basis and as- 
sures the implementation of energy management, energy assistance to needy citi- 
zens, and research involving alternate fuels, cogeneration and energy methodology. 
Mr. Fivehouse has managed research development programming for. the U.S. Air Force 
and most recently concluded a 19-year career with National Aeronautics and Space 
Agency (NA.SA) where he was Associate Director of Management at the NASA/Goddard 
Space Flight Center. He was appointed to his present position on the Mayor's 
Cabinet in July 1979. He is Baltimore's representative to the Urban Consortium 
and a member of the Consortium’s Energy Task Force. 

SUSTU^ BALOG FREEMAN 

Susan B. Freeman received her B.S. in Geology from the University of Wyoming in 
1975, where she studied remote sensing. After four years in the Air Force, 

Susan came to Los Alamos to pursue her primary interests of data integration 
and display techniques and uses of the information from integrated data sets. 

She has been instrumental in developing the Data Integration/Remote Sensing pro- 
gram at Los Alamos. Susan has been employed at the Los Alamos National Labora- 
tory since 1979 and is currently in the Geochemistry Group. 

PETER FRENCH 

Dr. French , cofoundor and President of Resources Planning Associates, received 
his Ph.D. degree in Water Resource Systems Analysis from Cornell University in 
1980. Before coming to Cornell, Dr. French spent three years as a Water Quality 
Specialist in one of North Carolina's regional planning agencies. Since 1976 
Dr. French has been involved in the application of interactive computer graphic 
techniques to systems analysis and resource management planning. 

JANETTE C. GERVIN 

Ms. Gervin is a Program Coordinator in the Eastern Regional Remote Sensing Appli- 
cations Center. She initiates, plans, develops, directs and conducts remote 
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sensing research and applications projects with federal, state and local govern- 
ment agencies and other organisations. She also serves as the technical manager 
of the Joint NASA/Corps of Engineers Program, a five-year research program to 
evaluate the capabilities of Landsat-D Thematic Mapper and other advanced remote 
sensors for hydrological and environmental management functions. The program 
also examines integration of remotely sensed data into a geographic information 
system accessed by hydrological, environmental and economic models. The first 
study has Included remote sensing applications in floodplain resource mapping, 
historical trends and optimal dredged material disposal siting. Regional Remote 
Sensing Applications Coordinator for Delaware and Virginia, with successfully 
completed technology transfer programs in botli states. Coordinated the efforts 
of civil service, state and contractor personnel to nccompllsli ten-state demon- 
stration projects in applications ranging from agricultural land conversion and 
forest hydrocarbon omission to watershed erosion and wetland mapping. Performed 
image analysis and directed civil service and contractor personnel on the ESL 
Interactive Digital Inujge Manipulation System (IDIMS). Ms. Cervtn received her 
M.S. in Physics from the University of Florida at Gainesville In 1971 and her 
A.B. in Physics from Bucknell University, Lewisburg, PA, In 1969. 

FRED GUNTHER 

Dr. _lhn^her provides on-slte computing and analysis services for the F.nstern 
Regional Kemote Sensing Applications Center (F.RRSAC) at NASA/Goddard Space Flight 
Center. Educated In classical subjects and trained In the sciences and In sta- 
tistics, ho has earned degrees In plillosophy (B.A. , University of San Diego), 
geology (B.S., San Diego State University; M.S., University of Minnesota), and 
goologleal oceanography (Ph.D. , Oregon State University). He has authored vari- 
ous ERUSAC and company documents, and has published In the fields of computer 
data processing, remote sensing, geology, and mleropaloontology . He has designed 
the Apple-1 1 Image Processing Editcaloi (AIPE) system fer remote-sensing technology 
transfer using a mlcroeoraputer . Dr. Gunther is a member of the International 
Association for Mathematical Geology, the American Association for the Advanee- 
niont of Science, the American Society i>f Phologrammet ry , tlu* Institute of Elec- 
trical aiid Electronic Engineers Computer Society, and the Washington Apple PI 
Computer Club. 

LYNDA HALL 

Ms. IhU 1 is a staff scientist and remote sensing specialist with F.artliSat's 
Env Irimmental Applications Division. Since Joining the firm In March, 19B1, she 
has performed extensive field Investigations, aerial pluUolnterpretat Ion, mapping, 
at)d (ptallty control editing of problem areas assoelatcil wltli abandoned coal mines 
in Pennsylvania. Tliese responsibilities Include the training and managemei.t of 
a photolnterprotat Ion toara. Field description Is Integrated with Information 
from aerial photograplts to arrive at an overall site analysis. Sites are as- 
signed priorities and grouped Into reclamation planning units for Inclusion In 
the state-wide reelamallon program. Other projects Inelndo a comparison aiul 
evaluation of I.andsat and Seasjit Images of coastal NortI) ihirolln.'i in whleli a 
l,evel-l land cover classification and analysis was perlormed. Ms. Hall gr;idnated 
Summa Cum l.aude from the University of Delaware In December, llgo, with a Bachelor 
of Arts In Geogr.’iphy. Acadomle emj’hasls was In blogeogr.aphy ,«nd environmental 
selenee. 
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WAYNE HALLADA 


Mr. Hjill ada Is curi'outly a member of the technical staff of Computer Sciences 
Corporal ion' s System Sciences Division, snpportlnR l.amlsat and Multispectral 
Linear Array (Ml.A) Invest inations under a NASA contract with the Eastern Region- 
al Remote Sensing Applications Center. Ills current activities are directed to- 
ward Information extraction from high spatial resolution multispectral Imagery 
In digital form, lie received a Bachelor of Science degree in Geography and 
Mathematics from Carroll College, Waukesha, Wl In 1977. Ho received an MA de- 
gree In Geography from the University of California at Santa Barbara in 1980. 
from June 1979 to October 1980, he worked as a research associate for the Geo- 
graphy Remote Sensing Unit (GUSH) at DCSB on applications of remote sensing and 
geographic Information systems. He is a member of the American Society of 
riiotogranmietry and the IEEE Computer Society. 

KENNETH HANSEN 

Kenneth llaiisen Is currently project iminager with Dames f. Moore. In addition to 
overall management of Jobs, his responsibilities include spatial data anal";l- , 
land capability studies, remote sensing data Integration, and enhancement oi .i 
geogr.'iphlc Informat Ion system. Previously, he has worked as Laudsat Project 
Coordinator for Oregon In administering the transfer of satellite remote sensing 
technology to state and local agencies, in addition, he has conducted land capa- 
bility studies, analyr.ed natural resource Information, and aided development of 
a cxnnputer l.'.ed geogvaplvic information system for South Dakota. He possesses an 
M.S. In Physical Geograi'hy with a Mathematics minor from the University of Illi- 
nois In I'rban.t, aiui has written papers relating to siting studies, remote sens- 
ing appllcal Ions, land suitability, aiul freezing actlmt in soils. 

KINGSLEY E. HAYNES 

Klngs^ev E. Ihu-nes Is a professor of Public and Enc I ronmental Afflars and of 
Geograpliy. and Dlrecti'r i>f the iV-nter for Drban ami Regional Analysis at Indi- 
ana Di\l versl ly . After recelvliig his Ph.D. In Geography and Environmental Kngl- 
neei Ing at Ji'lms Hopkins Pnlverslty In Baltimore, he later was director of the 
EiM'd Ki'undat L'u ' s iMfIce I’f Resources and Environment In the Middle East. A 
prolilic writer I'U env I ronment a l resource iiunagement . he has been involved In 
energy, resources, and environmental management In lu'rthern Indiana and the Nile 
River Basin In Africa. 

KOO HELLER 

Mr. Heller has directed or managed more than SO major energy-related studies 
involv Ing the siting and assessment of thermal and hydroelectr Ic power plants, 
multi-state transmlss Ion lines and pipelines, as well as t rauspor tat Ion systems, 
mines and reservoirs. tT-ntr.il plant studies which Mr. Heller directeil or man- 
ageil Include a recent Iv completed statewide siting study for a new civil-flred 
power plant in Arl/.ona; the assessment and preparalL’n of EERO exhibits for a 
pumpcil storage pri'i^'ct In New Mexico and siting and assessment studies fi'r two 
major punn>ed ^;torage hvilii'clect ric projects In Arizona; and land use and visual 
assessments 1 im' the f.oronaili' I'.eneiat lug Slat ion In Arizona, the llai'ry Allen 
tleuerat lug Station in Nevada, an«.l the Ralparowlts Project in lUah. Mr. Heller 
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has testified as an expert witness at note than a dozen Federal and state admin- 
istrative hearings. He has a Master of Landscape Architecture degree, with 'mi- 
nors in urban planning and sociology, and is an Adjunct Professor in the School 
of Renewable Natural Resources, University of Arizona. He is Executive Vice 
President and Director of Environmental Planning Services for Wlrth Associates. 

JOHN M. HILL 

John M. Hill holds a B.S. degree from Towsou State University, a M.S. degree 
from the American University, and a Ph.D. in Biology from Texas A & M University. 
He is presently an assistant professor of Civil Engineering at Louisiana State 
University and is active in applied research programs within LSU's Remote Sens- 
ing and Image Processing Laboratory. His present areas of interest are pollu- 
tion monitoring, water resources, and coastal zone management. He is a member 
of the following professional societies: American Society of Limnology and 

Oceanography, American Society of Photograrametry, and the American Society of 
Civil Engineers. 

JOHN HOSHAL 

John Hoshal is currently employed as a research analyst for the Land Management 
Information Center. Hoshal's primary duties include working with the Minnesota 
Land Management Information System (MLHIS) in performing environmental analysis 
for public and private clients. Hoshal has his undergraduate degrees in Geo- 
graphy and in Urban Studies from the University of Minnesota. 

RICHARD IRISH 

Richard Irish holds a B.S. from Colorado State University in Range-Forest Manage- 
ment and an M.S. from Pennsylvania State University in Forest Resources. He cur- 
rently works as an Image Analyst and Cartographer for the National Park Service. 
He served as a Forestry Consultant for the Army Corps of Engineers. Richard's 
career interests include computer analysis of remotely sensed data, geographic 
information systems processing and computer graphics. 

TONY JACKMAN 

Tony Jackman is a New Zealander completing a Ph.D. in Landscape Ecological Plan- 
ning at Amherst. He came to the U.S.A. in 1980 with an accumulated 12-year 
academic and practical experience in landscape and regional planning throughout 
Australasia and tlie South Pacific. Particular emphasis of his research is to 
project wider use of GIS's in determining the relat ionsliips between landscape 
ecological planning and management so that positive, rather than the more tradi- 
tional negative or exclusionary approaches to environmental policy formulation 
are afforded. 

RENEE JOHNSON 

Renee Jolin.s on is currently employed as the staff geographer and cartographer for 
the Minnesota Peat Inventory Project of the Department of Natural Resources. The 
emphasis of her work i.s tlie mapping products of the project — the Peat Resources 
map series whicli illustrates the results of the project's survey work; and the 
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encoding and use of these data in the MLMIS for management decisions. Johnson 
is also a graduate student in geography at the University of Minnesota. 

GEORGE L. JONES 

Mr. Jones is the President and Chief Executive Officer of Princess Coals, Inc. 
of Huntington, WV, where his principal activities Include development of coal 
lands, real estate, quarrying, docks and industrial complexes. Prior to assuming 
his current duties, Mr. Jones spent over 14 years in public service for the Com- 
monwealth of Virginia serving as State Coordinator for Emergency and Energy Ser- 
vices and Director of Emergency Planning; Assistant Coordinator for Administra- 
tion, Virginia State Office of Emergency Services. He was the principal advisor 
to the Governor on energy and disaster preparedness and response. He is a past 
president of National Association of State Directors for Disaster Preparedness. 

He is a member of the Advisory Board, University of Colorado, Natural Hazards 
Institute; Honorary Faculty Member, Defense Civil Preparedness Staff College, 
Administrator, University of Northern Colorado Extension Public Administration 
Master's Degree Program; Administrator American Institute of Architects, Univer- 
sity Consortium to Develop Public Service Curriculum; and an Advisory Board Mem- 
ber of the National Community Energy Management Center. 

HANS KLUNDER 

Mr. Klunder is the Chief Planner and Owner of Hans Klunder Assoc^.ates of Hanover, 
NH. Prior to forming his own firm he was employed by the State of Maine as a 
special consultant for Federal/State coordination between the Department of Hous- 
ing and Urban Development and the Maine Department of Economic Development. Mr. 
Klunder received his M.S. degree in City and Regional Planning from the Harvard 
University Graduate School of Design. Ho received his B.S. degree in Landscape 
Design with an Agriculture major from the University of New Hampshire. His B.S. 
degree was awarded cum laude. He attended the University of New Hampshire on a 
Fulbrlght Scholarship. 

RUSSELL KOFFLER 

Mr. Russell Koffler , Director of the Office of Data Services, National Earth 
Satellite Service (NESS), is responsible for managing the data processing and 
distribution of products from the operational environmental satellites as well 
as managing the operation of the Landsat spacecraft. Mr. Koffler previosuly 
held the position of Chief, Landsat Operations. He joined NESS in 1962 as a 
research meteorologist. 

RICHARD F. KOTT' 

Dr. Richard F. Kott is a senior staff member (geographer) in the Office of Inter- 
national Security Affairs (OISA) , Office of the Assistant Secretary for Defense 
Programs, U.S. Department of Energy (DOE). His responsibilities involve program 
management, respresentation of DOE in interagency committees, strategic evaluation 
of foreign nuclear and other energy capabilities, and surveys relevant to the 
Department's role in international affairs, with special reference to national 
security issues. Dr. Kott has been a member of the teaching staff of the Univer- 
sity of Maryland, Department of Geography, College Park, MD since 1974. Dr. Kott 
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received a Ph.D. degree in 1967 from the University of Poitiers (France), an M.A. 
degree in 1959 from Oklahoma University, and an A.B. degree from Indiana Univer- 
sity in 1953. All degrees were in geography. His doctoral dissertation, 

Brasilia dans sa Region , is an urban and regional study in human geography. Ac- 
tive in his professional fields of geography and international studies. Dr. Kott 
is a member of a number of societies and organizations. He has authored several 
specialized studies and reports on international, avlation/transportation, intel- 
ligence, nuclear, geographic, energy-related, and national cecurity/defense topics. 
Dr. Kott has also received a number of awards, honors, and service decorations. 

K. PETER LADE 

Dr. K. Peter Lade is a Professor of Sociology and Antliropology at Salisbury 
State College. His area of specialization is the application of Remote Sensing 
to archaeological site location, monitoring, and cultural resource management. 

GERMAIN LAROUCHE 

Dr. LaRouche is a Land Use Analyst in the Terrestrial Resources Section of the 
Environmental Engineering Branch of the Division of Engineering, USNRC. He la 
Involved in the evaluation of the potential environmental impact on terrestrial 
ecosystems and land i»sc. Prior to being employed by the NRC, he was director of 
Terrestrial Ecology for a private consulting firm. In this capacity he directed 
and conducted baseline studies of proposed nuclear or fossil fuel power plants, 
and large urban and recreational developments. He has conducted forest and range 
management research wltli the U.S. Forest Service in Florida for 2 years. Dr. 
LaRouche received the Ph.D. degree In Botany-Plant Ecology from the University of 
Massachusetts at Amherst in 1969, the M.S. in the same areas from the Catholic 
University of America in Waslilngton, D.C. In 1958, and the B.A. in Biology from 
the Catholic University of America in 1957. In 1950 he graduated from the Stock- 
bridge School of Agriculture of the University of Massachusetts as a Floriculture 
major. He was elected to the Society of Sigma Xi In 1958 and has been a member 
of the Ecological Society of America since 1957, member of the Society of Ameri- 
can Foresters since 1972 and a member of the Torrey Botanlc.al Club since 1980. 

BRIAN R. LENZ 

Major Bri an Lenz has a Master of Arts degree in Chemistry from the University of 
Southern California. He is currently serving as the Energy Program M:inager at 
Headquarters United States Air Force. Prior to this, he was assigned as a qual- 
ity assurance officer at the Defense Fuel Supply Center where among other duties 
he was the gasohoi project officer. He has served as a st.aff fuels officer at 
He.adquar tors United States Air Forces in Europe being responsible for energy con- 
servation, petroleum e"' 'tlons and tankage allocation. He has served as base 
fuels officer in Vietnam and Thailand and a staff fuels officer for missile fuels. 

NORMAN H. MACLEOD 

Dr. Ma cleod is tlie chairman and president of American Science and Technology Cor- 
poration; a Maryland corporation engaged in the development, management and use 
of the AEROS system of satellites (FOODSAT, PEi'KOSAT, CLIHASAT) , ground station 


and image processing technologies, and resource management information systems 
for resource discovery, monitoring and management- Prior to joining American 
Science and Technology Corp. , he was a Senior Officer with the Food and Agricul- 
ture Organization of the United Nations, Remote Sensing Center, Rome, Italy. He 
also served as a Director for the Earth Resources Development Research Institute 
and as a Research Scientist at the American University. He received his Ph.D. 
degree in Agronomy and Plant Physiology from the University of liarylar.d. He 
received his M.S. degree i.n Agronomy from the University of Massachusetts and 
his B.A. degree in Liberal Arts from the University of Chicago. Dr. Macleod has 
prepared over 50 publications, principally on the Interpretation and use of re- 
mote sensing data with reference to land management and rehabilitation. 

MALCOLM J. MACDONALD 

M. J. Macdonald was recently appointed Deputy Superintendent of Engineering and 
Utility Systems for Seattle City Light, one of the country's largest municipal 
utilities. Previously, he had been Director of Energy Resources Planning, pro- 
ducing the utility's 1981 Energy Resources Report and Data Base and coordinating 
the production of six long-range resource planning reports titled "Energy Options." 
Before joining City Light two years ago, Macdonrid was a career officer in the U. 

S. Navy beginning with graduation from the U.S. Naval Academy in 1956. Before 
leaving the Navy in 1980 as a Captain, he serveS In the Civil Engineer Corps, was 
Commanding Officer of the Navy Public Works Center in Norfolk, VA, and Navy Mobile 
Construction Battalion Four, ani Director of Ins-tallations and Facilities for the 
Assistant Secretary of the Navy. He holds a Baclielor's degree in Civil Engineer- 
ing from Rensselaer Polytechnic Institute, a Master's in Civil Engineering from 
the University of Illinois and professional engineer licenses in the states of 
Washington and California. 

E. BRUCE MACDOUGALL 

E. Bruce MacDougall, Ph.D., is the department lutad of the Landscape Architecture 
and Regional Planning Department at the University of Massachusetts at Amherst. 

He is the author of several articles on geograpiiuic analysis and Computer Program - 
ming for Spatial Problems , Edward Arnold, 1976, Current research interests in- 
clude: environmental inventory and evaluation ffor urban planning and design and 

the accuracy of scientific information in Regicnral Planning. 

WUGHANGA M. MAGHENDA 

Wughanga H, Maghenda obtained a Bachelor's degnis from the University of Nairobi. 
She taught for two years in a high school in Kenya before attending Ohio Univer- 
sity where she received an M.A. in Geography. Mter completing her course work 
in geography, she enrolled in a second Master's degree in Environmental Science. 

In both areas, she has concentrated in the use £>f remote sensing data for resource 
management. Her M.A. thesis was "Monitoring Kenyan Forest Changes Using Remote 
Sensing: A Case Study of Mau Forest." Future jplans include starting a Ph.D. pro- 

gram in Economic Education with the desired resnlt being a major in Environmental 
Economics. 
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^ rrojiram ManaRor of the Ko.moto Sons Inn I’rograra, CraiUiato School 
of Ocoanograpliv, hnlvofslty of RhoJo Islaiui, whore she Is rosiionslblo for ostah- 
lishmont of a roraoto sousing facility, proposals, porsonnol organization, faculty 
Interact Ions, auil regional roprosontat Ion. She also servos as the Kxecntlvo Sec- 
retary of the Requirements Oonanittee for the Northeast Remote Sensing System. 

I'rlor to assuming her current ilutles, slie was a Technical Specialist, Gracinato 
School of Oceanograpliy, University of Rhoile Island. She developed microprocessor 
systems liavlng Interact li'us with both Instrviments and larger computer systems. 

She also designed systems In Uaslc and I'ortran to be used on the PRIMK virtual- 
memory computer. She has worked In private Industry. Martha KcGlnre received 
her R.S. degree In Ocean Knglneerlttg from the Klorlda Atlantic University and com- 
pleted three years of sttidy at I’lirdue I'nlverslly in Klectrlcal T.ngineer lug. She 
Is listed In "Wlu''s Who In American Golleges and I'nlverslt les," 1^77. Ms. McClure 
has authored several papers on the use of Remote Sensing as a tool for Oceanography . 

JOHN 11. MCELROY 

Ur. John H. lU'lH is the Assistant Ailmln 1 st rator for Satellites, National Oceanic 
and Atmospheric Avim In 1st rat Ion (NOMl , nepartment of Commerce. In this capacity 
he heads the National Earth Satellite Service ol NOAA. Ihe National Earth Satel- 
lite Service Is responsible tor the nation's civil weather satellites (polar or- 
biting and geostat lonarvO and the planning ft'r an operal lonal laitd renx'te sensing 
system. Hr. McElroy formerly served as tl>e Peputy Director, Goddari! Space flight 
Center, N.’.tu'iial Aeronautics and Space Admlnlst rat K'U. He had been with N.\SA 
since bh'b and has served as Director of Coiimiunlcat Ions and li\form;U Ion Systems 
I’fi'grams, 01 lice of Space and I'errestrlal ;\ppl Icat L’ns, NASA headquarters. Prior 
to his headqvi.u'ters assignment, he led commnnlcat Ions technoK'gy, laser, and 
e lect ro-opt Ics research and development at iloddard. Dr. McElroy Is a graduate 
of Culver Nllltarv Academy, has a RSi'E from tlie Dnlverslty of Texas at Austin and 
an Ml'E and I’h.D. from the ihitholic Dniversltv of Amerlc.?. He has been elected to 
Eta Kapp.i Nu, I'avi Heta I’l, aiid Omlcron Delta Rapp;>, and Is a Senior Member of the 
Institute »'f Electrical and Electronics Engineers and the .American Astronaut leal 
Society, and an Associate fellow of the .American Instltiite of Aeroiwiut Ics and 
Ast ronaut Ics. He Is a fellow of the Washington Academv of Sciences. 

RON MCLEOD 

RiMj Mcl.eo^d Is cvirrent ly on the staff at Caltecl\'s det fropulsion Laboratory In 
I’.isadena, tAA, working In the Image Processing Laboratory. He has been a member 
of the Earth Resv’urce ApplleatLnis ilroup since l'>77 and has worked extensively 
with 1. anils. M digital mostacs and their .ippl Icat Ion to resource Inventoty .ind 
assi'ssment s . He hoKls degrees in tleography from San Diego State Dnlverslty. 

DANIEL D. MORENO 

Mr. Mori'ito is .'in t*nv I r»»nment.i I planner In tlie Li’s Angeles office of D;ime.s {, Moore. 
He is responsible for the .ij'pl Icat ion of geographic inf oiriat Ion systems to Indus- 
trial site seli'ctli'n studiv's and resovirce assessment. Kr. Moreno received an M..A. 

In EciMii'mlc Geography from the Dniversltv ol Callti'rnla, Los Angeles, In 1D7‘). 
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LAV/RENCE NIX 


Lawrence Mix holds a B.S. and M.S. in Forestry from Mississippi State University 
and his Ph.D., also in Forestry, from the University of Georgia. His research 
activities have included stand growth, biomass production, silviculture, tree 
physiology, manipulation of blcmass accretion in forest stands, multi-resource 
inventory of forests, availability of forest biomass for fuel, chemical stimula- 
tion of oleoresln production, and wood formation in forest trees. His publica- 
tions Include the subjects: biology of wood formation, chemical induction of 

resin soaking, chemical control of forest vegetation and multi-phase inventory 
of forest biomass. He is associated with the Society of American Foresters, 
SARRMC Wood Energy Committee, S.C. Energy Planning Committee, and U.S. Forest 
Service Silviculture Certification Board. 

JONATHAN A. OSKI 

Mr. Oski is employed by the KETLAND Research Group, Department of Landscape Ar- 
chitecture and Regional Planning, University of Massachu'-etts. His work in- 
volves co-authoring a research bulletin which focuses on the application of geo- 
graphic information systems in an energy planning situation. Mr. Oski received 
his Master's degree in Regional Planning from the University of Massachusetts in 
Amherst, MA, in May 1982. His area of study focused on the use of computer-aided 
landscape planning and systems modelling and analysis. He received his B.S. de- 
gree in Biology from Hobart College in Geneva, NY. He co-authored a paper with 
Timothy Aston entitled "A Land Use Plan for the Northfield Mt. Hermon School." 

SIMSEK PALA 

Dr. Pala obtained a Bachelor's degree at the University of Ankara, Turkey. He 
won a scholarship for graduate study in Germany, where he obtained a doctoral 
degree in georaorphology from the University of Freiburg, After immigrating to 
Canada in 1972, he joined the Ontario Centre for Remote Sensi.ig at its inception. 
As Chief Scientist of the OCRS, Dr. Pala has developed applications of satellite 
imagery to geological mapping, mineral exploration, forestry, agriculture, land 
use planning, hydrology and environmental monitoring. He has put a practical 
digital image analysis system into operation at the OCRS, and has developed a 
computerized mapping technique to produce digital analysis results in a useable 
format. He is mapping the surficial geology of Northern Ontario from aerial 
photography and extensive field sampling, with the aid of Landsat imagery; and 
is also mapping the wetlands of the Hudson Bay-James Bay Lowland by digital 
Landsat analysis. He initiated programs to map land use/land cover across the 
province and to map forest types north of latitude 52 N. Dr. Pala is also re- 
sponsible for the training and technology transfer programs of the Centre. 

RICHARD F. PASCUCCI 

Richard Pascuccl is the Manager, Earth Sciences Applications, /.utometric, Inc., 
Falls Church, VA. He received a B.S. in geology in 1952 from the University of 
Connecticut and pursued graduate studies as a Higgins Fellow at Columbia Univer- 
sity and as a Fulbright Scholar at the International Institute for Aerial Survey 
and Earth Sciences in Delft, the Netherlands. He has had 21 years of experience 
in evaluating the capabilities and limitations of remote sensors. During this 
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time he has participated In the design, laplementation, and zaanagenent of taore 
than 50 projects dealing with oil and mineral exploration, environmental impact 
analysis, and nuclear power plant siting, and has published 25 papers on these 
subjects, ile is currently involved in the resource-related applications of a 
geographic information system and in the computer analysis of satellite digital 
data. He is a mamber of Phi Beta Kappa, Sigma Xi, and Phi Kappa Phi. 

MICHAEL G. PAVLIDES 

Michael Pavlldes received his Civil Engineering degree from Lehigh University 
in 1971. From 1971 to 1974 he was a consultant at Ebasco Services, Inc., a 
utility industry consulting firm, where he performed hydrologic investigationc 
for power plant site feasibility studies and related environmental reports for 
Nuclear Power Plants. From 197^ to the present he has been employed by Green- 
horne & O'Hara, Inc. In 1976 he received his Master's of Science, Civil Engi- 
neering degree from George Washington University. He is the Director for the 
Earth Sciences Division. Under his direction he has developed various disci- 
plines which include applications of computer science, remote sensing, photo- 
grammetry, geography, geology, and geographic information systems. 

ROBERT RAGAN 

Dr. Robert Ragan is the Director of the Remote Sensing Systems Laboratory and a 
Professor of Civil Engineering. His area of specialization is the application 
of remote sensing to hydrologic modeling. 

J71MES KARL SAILOR 

James Karl Sailor is presently a Systems Consultant for Resource Mapping Applica- 
tions at Intergraph Corporation. Prior to joining Intergraph in April, he has 
served as a consultant in forest industry applications of Geographic Information 
Systems in Oregon, as well as a natural resources planner for the New England 
River Basins Commission. Hr. Sailor holds a Master's degree from Yale University 
of Forestry, specializing in Spatial Information Systems, and a B.A. in Blologj' 
from Amherst College. He has published papers on computer mapping applications 
in forestry, hydrology and land planning. 

CHARLES E. SASSER 

Mr. Sasser holds a B.A. degree in history and an M.S. degree in Marine Sciences 
from Louisiana State University. He is presently a research associate at the 
Center for Wetland Resources, LSU. His interests are coastal wetland ecology, 
and wetland management. He is a member of the following professional societies: 
Botanical Society of America and Estuarine Research Federation. 

YALE M. SCHIFFMAN 

Yale M. Schiffman is the principal of Schiffman Energy Services, Inc. He is 
respontible for design and management of all technical projects Including the 
National Conference on Energy Resource Management 1982 and 1983; the Technology 
Assessment of Solar Energy Systems; Energy Resource Management at Naval Facili- 
ties. Prior to foiming Schiffman Energy Services, he was responsible for 
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directing the MITRE Corporation's Community and Renewable Applications Groups. 

He has designed r large scale system dynamics model CFiM, the Community E.-ergy 
Impact Model (copyright, 1982) for use in estimating energy use at the commuu - 
ity level and for forecasting the impacts of installing alternative energy sys- 
tems including energy conservation options. His paper on CEIM was awarded the 
International Congress of Applied Systems Research Meritorious Award for 1982. 

He I'.as recently authored two books on energy resources. The first is entitled 
"Solar Energy Systems — i\n Alternative Perspective," published by Lexington 
Books. The second book is called "Energy Resource Management- -A Reference Note- 
book for Energy Resource Planners and Managers." Mr. Schiffman is the Presi-leut 
of the American Planning Association's Energy Planning Division, is a member of 
the Editorial Board of Coratex Scientific Corporation and has been listei in Kho's 
Wlio in the South, Distinguished Americans, and Men of Distinction. He received 
his Bachelor's and Master's degrees in Urban Planning from Bos‘-on University, 

He served as a Teaching Fellow at Boston University and Harvard University's 
Graduate School of Design. 

WILLEM S. SCHOOWHOVEN 

Willem S. Schoonhoven is a Community Planning Consultant for the Pennsy’.vania 
Power anj Light Company. His experience includes the coordination of efforts 
to establish a computerized data base for use in company facility siting and 
technical assistance to public agencies. Willem holds a degree in Geography 
from the University of Toronto. 

NICHOLAS M. SHORT 

Dr. Nicholas M. Short is currently engaged in research within the Geopnysics 
Branch at NASA/Goddard Space Flight Center. During 1977-1981, he was tha pro- 
gram scientist and Director of Training for the Eastern Regional Remote Sensing 
Application Center (ERRSAC) at Goddard. From 1972 through mid-1977 Dr. Short 
was the Geology Discipline Leader in NASA's Eartli Resources Program, wi h re- 
sponsibilities for implementation of more than 80 domestic and foreign in”estl- 
gations in mineral resources, geologic structures analysis, and iandromy sur- 
veys within the Landsat (ERTS) program and for coordination among NASA Centers 
of research into applications of geologic remote sensing for mineral and energy ' 
exploration. Dr. Short received his B.S. in Geology from Sc. Louis University 
(1951) and an M.A. in this field frem Washington F-iversity and obtained his 
Ph.D. in Geology irom Massachusetts Institute of Technology (1958). Dr. Short 
has written or co-authored more than 75 papers in several subfields of geology 
and remote sensing. He has co-edited the standard reference book on Shoc k Meta- 
m orphism of Natural Materials , has co-authored a pictorial atlas of volcanic 
landforras, and has completed the first basic textbook on Planet a ry Geolog y. He 
is senior author of the widely known NASA Special Publication 3b0 entitled 
Mission to Earth — Landsa t Views t he World . 

FREDERIC SIEGEL 

Frederic R. Siegel received the 3. A. degree from Harvard University (1954). He 
earned the M.S. degree (1958) .and the Ph.D. degree (19f-l) from the University of 
Kansas. He then taught and did research in Argentina for two years at The Insti- 
tuto Miguel Lillo (Universidad Nacional de Tucunian) before joining the State 
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Geological Survey of Kansas as Head of the Geochemistry Division. In 1965, he 
became Associate Pre lessor of Geochemistry at the George Washington University 
and in 1969 was made Professor of Geochemistry. In 1976, Dr. Siegel became 
Chairman of the Department of Geology of the George Washington University. He 
has held an appointment as Research Associate with the U.S. National Museum 
(Smithsonian Institution) since 1967. He was an associate editor for the Jour- 
nal of Exploration from 1972-76 and is presently editor for the volume "Review 
of Researcli on Modern Problems in Geochemistry" published by UNESCO. Dr. Siegel 
has received funding for research projects from the NSF, the Smithsonian Insti- 
tution, the University Committee on Research, the NIH, and private industry. 

His teaching fields and areas of expertise include various aspects of geochem- 
istry (nuarine, exploration, environmental) and environmental geology (including 
geological hazards in land-use planning). 

RAM N. SINGH 

Dr. Ram N. Singli received an H.Sc. degree in Agronomy from Banaras Hindu Uni- 
versity, India, in 1964 and a Ph.D. in Sociology with specialization in Demography 
and Human Ecology, and Research Methodology and Statistics from the University of 
Georgia in 1970. Between 1969 and 1980, he tauglit courses in Demography, Human 
Ecology, Research MetlioJology , Social Statistics, and Community Health at both 
undergraduate and graduate levels at Marshall University, Huntington, W\', Dur- 
ing his tenure at Marshall University, he directed sov. ral research projects in- 
cluding tliose related to energy resources for the U.S. Army Corps of Engineers. 

In addition, he lias been Involved witl> studies dealing with population estimates, 
trends, and distribution in the Appalachain Region. He lias been an active mem- 
ber of the Marshall University Remote Sensing Group (an interdisciplinary group) 
since it was organized in 1979 and has attended several workshops on Remote 
Sensing at NASA/Guddard Space Flight Center in Greenbelt, MD. During 1980-81 
academic year, he was selected as an American Council on Education Governmental 
Fellow from the faculty members from tlic universities and colleges throughout the 
United States. He joined the Data and Demography Division of the Office of Reve- 
nue Sharing, U.S. Department of the Treasury as a Program Analyst Demographer i.i 
June 1980. 

ANTON A. SINISGALLI 

Anton A. Sinisgalli has been with tlie U.S. Nuclear Regulatory Commission (NRC) 
since 1974. His current duties include the identification and evaluation of 
hazards to the safe operation of nuclear power plants due to man-related acci- 
dents external to those plants and site cliaracterization (demography, topography, 
land use, etc.). Prior to joining tlie NRG, Mr. Sinisgalli was actively engaged 
in various remote sensing programs. He holds a B.S. from Davis and Elkins Col- 
lege and an M.S. from West Virginia University. He is a member of the Society 
of Sigimi Xi and the American Society for Testing and Materials. Mr. Sinisgalli 
is t'ne recipient of several international awards. 

ALAN F. SMITH 

Nr. Smitli is the SEARGH-PAK Manager, Autometric, Inc. He holds a B.S. in geology 
from tlie University of North Carolina and a B.S. in geography (1977) from the 
University of Maryland. He has had 14 years of experience in the applications of 


655 



romoic to tho earth acloncoH, oapeeially aa related to exploration Rcology 

and terrain studies, and lias participated In evaluating the results of NASA's 
Isuidsat, lU-MM, and Magsat programs, l Trent ly, lie Is involved in the develop- 
ment of an exploration product for the exploration community. This product uses 
a computer-assisted geographic Information system to quantify and syntheslro In- 
terpretation results from side-looking radar and l-sndsat MSS Imagery. He is a 
momher of the American Society of Pliotogrammetry . 

HARRY U. .SOLOMON 

Harry 0. So lomon Is a doctoral candld.ite In Regional Analysts and IMannlng at In- 
diana University. An active memher of the APA KnevgN* Planning lUvlslon, Ills 
previous wi>rk Includes pul> I lent Ions on energy facility siting, coal distribution 
plauiilng modeling, energy resource devclopnvnt Impact analysis, alcohol fuels, 
and energy policy. As iTialrperson of the Knvlronmenlal Quality and Conservation 
tkimnilss Ion i*f the City of lUoomlngton, Indiana, he .also has an .active role In 
nKuiUorlng local energy .and envlri'nmont.al Issues. 

STKPURN L. SPRRRY 

Mr. Sperry Is a Senior Landscape Architect with the NUS Corpor.at Ion, where he Is 
responslhli' for supervision aiul conduct of environmental planning, visual resource 
.analysis, tlata base nuanagoment , and land r«>clamatlon and site desigit studies. 

Prior to joining NUS ikuporat Ion, Mr, Sperry taught at tho Ohio State University 
where his ma.li'r tc.achlng i espiuts I b 1 1 1 1 I »'s Included lecturing, organic. lug, and 
iminaglng two studio courses that Involveil three other faculty members and up to 
7S students, 'rhese ci'urst's were on Comprehens I ve Landscape Planning and Urban 
Open Space Ue.aign. He al.so has a number I'f yi'.ars I't experlenee In private prac- 
tice working for a number i>f ei>nsulting firms. Mr. Si'crry received his Master 
Cif Landscape Arch 1 1 ect ur«> di'gree from He.rvard Uitlvorslty, Cr.ailuate School of Ue- 
slgn He received his Hachelor I'f Landscape Arch 1 1 ec t ur»' with Ueslgn Honor from 
Syracuse University. He Is a member i>f tlie .\merlcan Society of Landscape Archl- 
ti'cts, the American SocL'ty I'f Phot ogramiiuM ry and he has ser\u>d oi\ .an Advisory 
t'onunlttee on Mining and Mineral Ih'Siiurces Ri'search Institute, ithU* State Unl- 
vers 1 1 y . 

RtlllKUT' TANKNllAUS 

Kobert 'ljlnenhau^: Is Pre.sldent of Imp Icment at l»'n fi.anagement International, a t.vina- 
g»'rlal anil technliwil con^iultlng firm ^!pee la 1 1 Ing In energy, economic and physi- 
cal deve li'pment , I'nvlronment and related computer .system:) and other t eehnologles. 
Previously, he was Principal Adn'.lnUil rato)' for the Int ernat lon.a I Knergy Agency, 
thg.anl /..It Ion for I'.conomlc I’ooper.at Ion and Ui'Vi' lopment , .an International government 
I'l'g.anl/at Ion In P.irls, Kr.ince. I'urrenl ly he Is developing an Inexpensive auto- 
iiuat le phot ogi'.iph Ic an.aly/cr for built natural and microscopic env I roniiient s. He 
•also dliected a phot o-.an.a 1 y:) I :: study of mliltown M.anh.attan land use and transi'or- 
tat Ion. 

MARSHALL R. TAYlAMl 

Mr. Tavlor, cofoundcr .and Vlc»' Pre.sldent of Kesourci'S Pl.annlng AsrJociates, h.as 
eight year:) of expi'r L'nee In the application of numerical an.alysls techniques 
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to onxiiuforliiK problorau. Slnco 1978 ho hua boon a prudviato atudent, and then 
ataff wember, In lAirncll Unlvoraity'a Departnont of Environmental Englnecrinp. 
Thronghout this period he worked In the Ij;boratory of Computer Craphlca develop- 
ing techniques for computer-aided data Input and manipulation. Interactive 
modeling, and color processing. He will complete the requirements for his Ph.tt. 
during ll»e summer of 1982. 

JOHN U. G. TOWNSHEND 

Ur. .lohnTownshcnd earned his 11. Sc. (London University 1967) and his Ph.l). (Lon- 
tlon Ui\lverslty 1971). Ills resc.nrch Interests currently art primarily In the 
applications of remote sensing for terrain evaluation. Recently edited a hook 
entitled "Tcrrlan Analysis and Kcmole Sensing" (1981). Ur. Townshend served as a 
Visiting Associate Professor at Cl.srk University, Worcester, MA and National 
Research Conne 1 1 Senior Visiting Research Associate .at NASA/Coddard Space Flight 
Center In the Earth Resourees Urancli. He was the llonorahle Ceneral Secretary 
of the Remote Sensing Society, and In 1979 was appointed Chairman of the United 
Kingdom Remote S<'iislng th'nlre’s Working Croup on l.iu\d Applications and Secre- 
tary of the Working t'.ronp on Information Handling In Remote Sensing. 

UlUAN J. TURNER 

Ur. Turner Is Co-\Urv'ctor of OKSER and Associate Professor of Forest Management 
Ti I’ennsy (vanta Slate University, lie recelvetl a 11. Sc. (For.) In 1959 from tlte 
University of Sydney, Ansiralla. In 1962 he rocclvod an M.F. and In 1965 a 
U.For. from Yale University. Ur. Tnrttor workcil In govcntracntal forestry In 
Atisiralla I rom 1959 to 1961 as an administrator, a«d from 196-!i to 1969 r«s a hlo- 
mctriclan and systems an.'ilyst In management researcilt. Since 1969 he has been a 
member of llie faculty of the School of Forest Resowrees at the University, where 
he teaches courses In resource measurements, biometry, and forest m,anagemont . 
Alter servlt^g for two years as tdialrm.an of the Fori'st Science Program, he became 
Co-Dlrector of OKSF.R In 1980. He has helped to Install the OKSKK system at the 
University of Ceorgla and at North Carolina Slate University, as well as on the 
Australian Covcrnmcnl ' s nationwide compnt lug uetworl; based In Canberra. In ad- 
dition to conducting workshops lu the use i>f the .system at these two locations, 
he has participated lu teaching short courses In rtumUc sensing at Penn Stale. 
Hill current research interests arc In tlic application of modern quantitative 
methods to the nunageiuent of National Forests and r.trks. This Includes the de- 
velopment ol analytical procedures for n.slng dlgUail remotely sensed data for 
the production of land use and forest cover maps ajud llic development of gco- 
graphtc data bases l\>r land managers. He has been ’Involved In research con- 
tracts with NA.SA, the Nalft'iial Park S«'vvlce, and flhe Forest Servlee. He has 
authored or eo-authored m.suy papers ou varli'us aspocls of remote seustug. He Is 
a member of ihe Institute of Foresters of Aiislral lav., the Commonwealth Forestry 
Asioc Int Ion, the Society of /Imerlean Foreslers, S tjgna XI, and '.he Amerlean Socl- 
et y of Phot ogrammet ry . 

LARKY WARNICK 

Mr. Warntek Is a geographer/remot e sensing speelaVtist In t lie F.arth Satellite 
iTuporat ion tl.artliSat) Uin-i Resources Ulvlslon. Hie current Iv serve.s as Uejinty 
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Project Manager for the Pennsylvania Abandoned Coal Mine Inventory Team. His 
primary accomplishments in this capacity have been to assist in the design and 
management of the extensive aerial survey of abandoned coal mine features in 
Pennsylvania. Since joining EarthSat in January 1981, Mr. Warnick has also con- 
tributed to a number of other projects. He was primary image analyst in a tech- 
nical evaluation of recent aerial surveys of agricultural land use In Bolivia. 

In September 1981, he coordinated a two-week training session for foreign scien- 
tists in the use and applications of Landsat data for agricultural surveys in 
northern Thailand. Mr. Warnick graduated from Oregon State University with a 
Bachelor of Science degree in Geography in 1976 and a Master of Science degree 
in Resource Geography in 1977. 

THOMAS A. WEAVER 

Thomas A. Weaver received his Ph.D. in Geophysical Sciences from the University 
of Chicago (1973), his M.S. in Geophysical Sciences from the same school in 
1968 and his B.S. is Astrogeophysics from Colgate University in 1967. Thomas's 
research efforts have been involved with seismic characteristics of underground 
voids, microseismic studies, and physics and material properties associated with 
planetary interiors. Ha has been employed at Los Alamos National Laboratory 
since 1972, and is the program manager of the Los Alamos Data Integration/Re- 
mote Sensing program; he is also Deputy Group Leader for the Geophysics Group. 

ERIC WEINSTEIN 

Eric Weinstein has been with the Division of Emergency Preparedness for the 
past 3-1/2 years during which time has co-authoied Nureg-0728, the NRC Inci- 
dent Response Plan, and NUREG-0845, Agency Procedures for the NRC Incident Re- 
sponse Plan. He has also developed, with the help of the U.S. Geological Sur- 
vey, the 10 and 50 mile emergency planning maps for all 52 operating reactor 
sites and is now in the final stages of completing an additional 30 sites with 
over 75 percent construction completed. Hr. Weinstein has a B.A. from Ameri- 
can University. 

J71MES M. WHITE 

James M. White is a Research Assistant with the Remote Sensing System Labora- 
tory. He was the Engineer-In-Chargc of the Land Cover Data Collection for the 
Environmental Protection Agency's Chesapeake Bay Project. 

RONALD WITT 

Ronald Witt is a specialist in remote sensing applications, digital image pro- 
cessing and tech transfer activities. His research interests include merging 
data sets for classification, change detection, and urban area and arid lands 
applications of remote sensing. Ronald is the co-editor of the Second Eastern 
Regional Remote Sensing Applications Conference proceedings, with several papers 
written on remote sensing for surface mine monitoring. He holds a B.A. in His- 
tory from Middleburg College, a M.A. in Geography from the University of Utah 
and fellowships from tiie University of Tehran and the University of Utah. He 
is a member of A.S.P. 
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JAMES R. WRAY 


James R. Wray is a senior geographer-cartographer in the Office of Geographic 
Research at the U.S. Geological Survey. Hr. VJray's current research is on de- 
velopment of techniques for inventorying land use and land cover and for raoni- 
toring land cover change (including the processing of Landsat data in digital 
form), applying this technology to operational programs of the U.S, Geological 
Survey, and demonstrating these techniques for other uses and users. Mr. Wray 
served as principal investigator in Landsat and Skylab experiments in urban 
change detection using remote sensors aboard aircraft and satellite. He was 
responsible for the design of such user-oriented end products as a prototype 
Atlas of Urban and Regional Change, and a digital land cover map of Washington 
fitted to census statistical areas. Mr. Wray earned degrees in geography at 
the University of Chicago. He is author-editov of "Photo Interpretation in 
Urban Area Analysis" in the M anual of Photographic Interpretation , published 
by the /unerlcan Society of Photogramme try. He has also contributed to the So- 
ciety's Manual of Remote Sensing . Urban chapters in both manuals were in- 
spired by or made use of the NASA/USGS Census Cities Landsat experiment. At 
the time of the accident at Three Mile Islaiid in March, 1979, Jim Wray was in- 
strumental in demonstrating the capability of the U.S. Geological Survey to 
provide a computer-drawn land use and land cover map centered in THI and over- 
laying boundaries and codes of census statistical areas. Later he designed a 
set of five land use and population maps prepared by USGS for use at the THI 
hearings. Mr. Wray is a member of the American Society of Photograrametry , 
American Congress on Surveying and Mapping, and Association of American Geog- 
raphers. 
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Mr. Raymond Curran 
Adirondack Park Agency 
Box 99 

Ray Brook, NY 12977 

Mr. Plerre-Marlc Adrien 
1310 Towlston Road 
Vienna, VA 22180 

Mr. Marty McClure 
Aeros Data Corporation 
4401 East-West Highway, Suite 501 
Bethesda, MD 20814 

Ms. Raquel Lavln 
American Planning. Association 
1776 Massachusetts Avenue, NW 
Washington, DC 22036 

Mr. Frederick C. Mertr 

Ames Research Center, Stop 242-4 

Moffett Field, CA 94035 

Mr. Richard Pascuccl 
Autometric, Inc. 

5205 Leesburg Pike, Suite 1308 
Falls Church, VA 22041 

Mr. Alan Smith 
Autometric, Inc. 

5205 Leesburg Pike, Suite 1308 
Falls Church, VA 22041 

Mr. Raymond J. Henry 
Executive Vice President 
Corporate Finance Department 
Bache Halsey Stuart Shields, Inc. 
100 Gold street, 7th Floor 
New York, NY 10292 

Mi. Raymond .1. O’Connor 
Executive Vice President 
Corporate Finance Department 
Bache Halsey Stuart Shields, Inc. 
100 Gold Street, 7th Floor 
New York, NY 10038 

Mr. James E. Slater, Jr. 

Bechtel Power Corporation 
15740 Shady Grove Road 
Gaithersburg, MD 20877 
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Mr. Steve Callahan 
62 Cathedral Street 
Annapolis, MD 

Mr. Benjamin Rtchason, Jr. 
Departtnent of Geography 
Carroll College 
Waukesha, WI 53186 

Mr. Lawrence E. Nix 
Department of Forestry 
Clemson University 
Clemson, SC 29631 

Mr. Geoffrey L. Close 
2132 Bucknell Terrace 
Wheaton, MD 20902 

Mr. R. S. Sekhon 
Computer Science Corporation 
8728 Colesvllle Rood 
Silver Spring, MD 20910 

Mr. Jon W. Robinson 
Computer Science Corporation 
8728 Colesvllle Road 
Silver Spring, MD 20910 

Hr. Ronald K. Boyd 
Computer Sciences Corporation 
8728 Colesvllle Road 
Silver Spring, MD 20910 

Dr. Michael E. Plett 
Computer Sciences Corporation 
8728 Colesvllle Road 
Silver Spring, MD 20910 

Mr. Arthur P. Verbln 
Computer Sciences Corporation 
12305 St. James Road 
Potomac, MD 20854 

Dr. K. C. Leung 
Computer Sciences Corporation 
8728 Colesvllle Rond 
Silver Spring, MD 20910 

Mr. Ranjlt D;isgupta 
Computer Sciences Corporation 
8728 Colesvllle Road 
Silver Spring, MD 20910 
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Mr. Richard P. Marcell 
Coaputcr SclRnces Corporation 
8728 Colesvllle Road 
Silver Spring, HD 20910 

Mr. Mike Anuta 

Computer Sclcnceo Corporation 
8720 Colesvllle Road 
Silver Spring, HD 20910 

Mr. Eugene J. Cyprych 
Computer Sciences Corporation 
8728 Colesvllle Road 
Silver Spring, MD 20910 

Mr. Richard F. Harccll 
Computer Sciences Corporation 
8728 Colesvllle Road 
Silver Spring, IID 20910 

Mr. E. J. Cyrpych 
Computer Sciences Corporation 
8728 Colesvllle Road 
Silver Spring, MD 20910 

Mr. Ron S. Sekhon 
Computer Sciences Corporation 
8728 Colesvllle Road 
Silver Spring, MD 20910 

Mr. Jon W. Rublnson 
Computer Sciences Corporation 
8728 Colesvllle Road 
Silver Spring, MD 20910 

Mr. Belden G. Bly 
Senior Member of Technical Staff 
Computer Sciences Corporation 
Silver Spring, MD 20910 

Ms, Karen Posey 
Systems Engineer 
Computer Technology Associates 
????? 

Mr. Charles R. Hedenstad 
Corvus International Company 
Severna Park, MD 21146 

Mr. W. Ford Cramer 
27 Newtown Turnpike 
Westport, CT 06880 
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Mr. John Totsoscoulch 
DHA HTC/IAGS LO 
6500 Brooke Lane 
Washington, D.C. 20315 

Mr. Leslie Arastrong 
DMA KTC/IAGS LO 
6500 Brooke T.ane 
Washington, D.C. 20315 

Mr. Kenneth L. Hansen 
Dames & Moore 

1100 Glendon Avenue, Suite 1000 
Los Angeles, CA 90024 

Mr. Daniel Moreno 
Dames and Moore 

1100 Glendon Avenue, Suite 1000 
Los Angeles, CA 90024 

Ms. Anita L. Davis 
1040 Ardmore Drive 
Louisville, KY 40217 

Mr. Ray Arndt 
Natural Resource Spec, 
tlureau of Land Management 
Department of Interior 
Washington, D.C. 20240 

Mr. Donald C. Gavin 
Detroit Edison 
Cartographer 
Detroit, Ml 

Mr. David W. Baranlak 
Donohoe & Associates 
600 Larry Court 
Waukesha, NI 53186 

Mr. H. H. Boro 11a 

EGG, Energy Measurement Group 

HS-L-516, EGG 

130 Robin Hill Road 

Coleta, CA 93017 

Mr. Wllliara G. Brooner 
Earth Satellite Corporation 
7222 47th Street 
Chevy Chase, MD 20815 
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Hr, Ernest Clorcena 
Earth SntolHtt Corporntfon 
7222 47th Street 
Chevy Chase, HD 20815 

Mr, Michael Douglass 
Earth Satellite Corporation 
7222 47th Street 
Chow Chase, MD 20815 

Ms, Lyiula Hall 
Earth Satellite Corporation 
7222 47th Street 
Chevy Chase, MD 20815 

Mr. Liirry Warnlck 
Earth Satellite Corporation 
7222 47th Street 
Chevy Chase, MD 20815 

Ms, Monique L, Cormont 
Energy Planning Division 
P, 0, Box 2787 
Sprlivtf lelil, VA 22152 

Mr. Greg Vogel 

Energy Today 

Vat Iona I Press Building 

Washington, D.C. 20045 

Mr. IXavld A. Stern 
Envl roninental Protect Ion 
Division of Coastal Resources 
CN 401 

Trenton, NJ 08h25 

Mr. Steven Kanglsser 
Resource Planner 
Envlro sphere Co. 

Atlanta, Georgia 

Mr. Kevin P, Twine 
Envl rosphere Company 
TWO World Trade Center 
New York, NY l004vS 

Mr. Charles Trautweln 
Eros Data Center 
1720 South Sherman 
Sioux Falls, SD 57105 
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Mr. John M. Garber 
301 W. Preston Street 
Baltimore, MD 21201 

Mr. William J. Conroy 
General Electric Co. 

4701 Forbes Building 
Landham, MD 20706 

Mr. Frederic R. Siegel 
Department of Geology 
George Washington University 
Washington, DC 20052 

Mr. M. N. Qureahy 

Department of Science and Technology 

Technology Bhavnn 

Government of India 

New Hehranll Rond 

New Dehll 110016 

Ms. Judith A. Monte 
Greenhorne & O'Hara, Inc. 

6715 Kenilworth Avenue 
RIverdsle, HD 20737 

Mr. Michael C. Pavlldes 
Greenhorne and O'Hara, Inc. 

6715 Kenilworth Avenue 
Rlverdale, MD 20737 

Dr. Fred J. Gunther 
9464 Wandering Way 
Columbia, HD 21045 

Mr. Wayne Nallada 

8627 Greenbelt Road, (?T-3 

Greenbelt, MD 20770 

Ms, Elizabeth M, Horn 
678 Amesbury Avenue 
San Mateo, CA 94402 

Mr. James R. Huning 
4800 Oak Grove MS 506-316 
Pasadena, CA 91109 

Mr. Samuel J. Cimarata, Jr. 

TRIS International 

4301 Garden City Drive, Suite 202 

handover, MD 20785 
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Mr. Dan Darkln 
IRIS International 
4301 Garden City Drive 
Landover, KD 20785 

Mr. Charles Klllpack 

IRIS International 

4301 Garden City Drive, Suite 202 

Landover, MD 20785 

Mr. Robert Tanenhaus 

Implementation Management International 
3818 Denfleld Avenue 
Kensington, HD 20895 

Mr. John K. Sailor 
Intergraph Corporation 
One Madison Industrial Park 
Huntsville, AL 35807 

Mr. Donald G. Peden 
Senior Systems Ecologist 

Kenya Rangeland Ecological Monitoring Unit 
Kenya, AFRICA 

Hr. Donald G. Peden 
Senior Systems Ecologist 

Kenya Rangeland Ecological Monitoring Unit 
Kenya, Africa 

Mr. Hans Klunder 
P. 0. Box 105 
Hanover, NH 03755 

Mr. Joseph A. Langdon 
5325 85th Street, i?102 
New Carroll, MD 20784 

Mr. Frank Pablas 
Imagery Analyst 
Lawrence Livermore Laboratory 
Livermore, CA 

Mr. Jerry S. Lee 
P. 0. Box 2890 
Washington, DC 20013 

Ms. Gloria Spikes 

Lockheed Johnson Space Center 

Houston, TX 77258 
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Ms. Susan Freeman 

Los Alamos National Laboratory 

P. 0. Box 1663, MS D44G 

Lop Alamos, 87545 

Mr. David L. Evans 
Department of Civil Engineering 
Louisiana State University 
Baton Rouge, LA 70803 

Dr. John M. Hill 
Department of Civil Engineering 
Louisiana State University 
Baton Rouge, LA 70803 

Mr. David L. Evans 
Department of Civil Engineering 
Louisiana State University 
Baton Rouge, LA 70803 

Mr, John Hoshal 

KDEPD Land Management Information Center 

Metro Square 

7th & Robert 

St, Paul, KN 55101 

Ms. Renee Johnson 

MDEPD Land Management Information Center 

Metro Square 

7th & Robert 

St. Paul, MN 55101 

Mr. James Brumfield 
MURSAC /Marshall University 
Huntington, WV 25701 

Mr. James C. Brumfield 
Remote Sensing Gioup 
Marshall University 
Huntington, WV 25701 

Mr. Richard F. Wright, Jr. 

Martel Laboratory Services, Inc. 
l'^25 Cromwell Bridge Road 
Baltimore, MD 21204 

Ms. Karen R. Kuff 
Geologist 

Maryland Geological Survey 
Tawes State Office Building 
Annapolis, MD 21401 


669 



4259A 


Alphabetical Llatlng 
CERHA Li at 1 


Schiffnan 
Page 9 


Mr. Stewa ;t McKenzie 
Montgomery County Council 
County Office Building 
Rockville, MD 20850 

Ms. Arlene Kerber 
NASA-ASFC 

Greenbelt, MD 20771 

Ms. Arlene Kerber 
NASA-ASFC 

Greenbelt, MD 20771 

Mr. David A. Mouat 
NASA-Ames Research Center 
MS-242-4 

Moffett Field, CA 94035 

Mr. William L. Alford 
NASA/Goddard Space Flight Center 
Code 902.1 

Greenbelt, MD 20771 

Ms, Janette C. Gervin 
NASA/Goddard Space Flight Center 
Code 902.1 

Greenbelt, MD 20771 

Mr. Michael Goldberg 
NASA/Goddard Space Flight Center 
Code 931.2 

Information Management Branch 
Greenbelt, MD 20771 

Ms. Patricia J. Mulligan 
NASA/Goddard Space Flight Center 
Code 902.1 

Greenbelt, MD 20771 

Mr. William Campbell 
NASA/Goddard Space Flight Center 
Code 902.1 

Greenbelt, MD 20771 
Mr. Scott Cox 

NASA/Goddard Space Flight Center 
Code 902.1 

Greenvelt, MD 20771 
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Mr. Riiy Wcivtor 

NA.SA/Goiidaril .Sp^ace Flight Center 
Building 2«-W211 
Creenbelt, MD 20771 

Mr. R. G. Witt 

NASA/Goddard SivJco Flight Center 
KRR.'JAC - Code 902.1 
Creenbelt, MO 20771 

Mr. Nlcholaa Short 
NASA/Unidard Space Flight Center 
Code 922 

Creenbelt, MD 20771 
Mr, rhi 1 Cre.say 

NASA/(k^dd.‘\rd Spiace Flight Ceviter 
C4:»de 902.1 

Creenbelt, MD 20771 
Dr. .lohn McF.lroy 

Assistant Administrator for Satellites 
NOA/Department of Conunerce 
!7ashington, DC 2021.1 

NOAA 

Mr. KichartI Keatlivt 
Director, External Relations 
Washlixgton, D.C. 202,1.1 

Mr, Russell Koffler 

Director 

Data Services 

NtV\A/NKSS 

FB-4, Stop F 

Washington, DC 20211 

Ms. Sheila 01 I Ins-Frye 
Program Coorillnator 
NOAA/NK.SS/SX12 
FR-4, Room 1112, Stop D 
Washington, DC 20211 

Mr. Daniel 1. thitter 

Director 

I'ser Affairs 

NOAA/NKSS/SX12 

FB-4, Room 1112, Stop D 

Washington, Di' 20211 
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Mr. John Koerner 
NUS Corporation 
910 Clopper Road 
Gaithersburg, MD 20878 

Mr. Stephen L. Sperry 
NUS Corporation 
910 Clopper Road 
Gaithersburg, HD 20878 

Mr. Stephen Ballard 
National Archives 
Washington, D.C. 2CA08 

Mr. Robert L. Edwards 
Northeast Fisheries Center 
Woods Hole, MA 02543 

Ms. Helen Mustafa 
Northeast Fisheries Center 
Woods Hole, MA 02543 

Mr. A. H. Voelker 

Oak Ridge National Laboratory 

Box X 

Oak Ridge, TN 37830 

Ms. Maurene Beggs 
Office of Policy & Planning, NOAA 
Main Comerce Building - Room 5222 
14th & E Streets, NW 
Washington, DC 20230 

Mr. Herbert Flvehouse 
Office of the Major 
Energy Coordinator 
Baltimore, MD 21202 

Ms. Barbara A. Wooldridge 
Ohio Environmental Protection Agency 
361 East Broad Street 
Columbus, OH 43202 

Mr. Wughanga M. fiaghenda 
Ohio University 
133 N. Congress 
Athens, OH 4570’ 

Mr. Hubertus Bloomer 
Department of Geography 
Ohio University 
Porter Hall 
Athens, OH 45701 
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Hr, W. Anthony nianclmrd 
Department of Geography 
Oklahoma State University 
Stillwater, OK 74078 

Dr. S. Pala 

880 Bay Street, 3rd Floor 
Ontario Centre for Remote Sensing 
Toronto, Ontario, Canada MSS IZS 

Mr. Calvin W. Dubrock 
Pennsylvania Game Commission 
P. 0. Box 1567 
Harrisburg, PA 17105 

Mr. Greg Grabowlcz 
Pennsylvania Game Commission 
P. 0. Box 1567 
Harrisburg, PA 17105 

Mr. Roger Ixjhman 
Pennsylvania Game Commission 
P. 0. Box 1567 
Harrisburg, PA 17105 

Ms. Nancy L. VanDyko 
Pennsylvania Power & Light Company 
2 North 9th Street 
Allentown, PA 18101 

Mr. Douglas Helvley 
Pennsylvania Power & Light Company 
2 North 9th Street 
Allentowji, PA 18101 

Mr. William S. Schoonhoven 
Pennsylvania Power & Light Company 
2 North 9th Street 
Allentown, PA 18101 

Dr. Brian J, Turner 
Pennsylvania State University 
ORSER - 112 ABC Building 
State College, PA 16802 

Mr. Richard R. Irish 
The Pennsylvania State University 
101 Ferguson Building 
University Park, PA 16802 
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Mr. Wa 3 me H. Wilson 
Staff Scientist 
Photon Research Associates 
2223 Avenlda de La Playa 
Suite 301 

Iji Jolla, California 92037 
Mr, George Jones 

President & Chief Executive Officer 
Princess Coal 
P. 0. Box 1210 
Huntington, WV 25714 

Mr. Stuart Staliunan 
Regional Planning Council 
701 St. Paul Street 
Baltimore, MD 21202 

Hr. John Repp 
Repp Technical Systems 
11410 Connecticut Avenue 
Kensington, MD 20895 

Mr. Peter N. French 
Resource Planning Associates, Inc. 
Box 2562 East Hill 
Ithaca, NY 14850 

Mr. Marshall R. Taylor 
Resources Planning Associates, Inc. 
Box 2562 East Hill 
Ithaca, NY 14850 

Mr. Jack A. Halpern 
Rogers, Golden & Halpern 
1427 Vine Street 
Philadelphia, PA 19102 

Mr. Patrick Kennedy 
Rogers, Golden & Halpern 
1427 Vine Street 
Philadelphia, PA 19102 

Mr. Steven R. Pease 

San Francisco State University 

1600 Holloway Aveue 

San Francisco, CA 94132 

Mr. Yale Schlffman 

Schiffman Energy Services, Inc. 

P. 0. Box 2697 
Springfield, VA 22152 
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Mr. Tom Schnlttker 
Schnlttker Ag. Services 
Box 36 

Winfield, KS 67156 

Mr. Malcolm J. MacDonald 
Seattle City Light 
Seattle, WA 98111 

Dr. Ram N. Singh 
11605 Golf Course Square 
Reston, VA 22091 

Dr. Kenneth M. Green 
Smithsonian Institution 
National Zoo 
Washington, DC 20008 

Ms. Kona M. Hyatt 
Southern California Edison 
P.O. Box 800 
Rosemead, CA 91770 

Mr, Richard V7. Newton 
Remote Sensing Center 
Texas A&M University 
College Station, TX 77843 

Mr. Charles Palmer 

Texas Natural Resources Information System 
P.O. Box 13087 
Austin, Texas 78711 

Mr. David E. Llchy 

U.S. Army Corps of Engineers 

Ft. Belvolr, VA 22060 

Mr. A. B. Moore, Jr. 

Chief., Master Plan Branch 
U.S. Corps of Engineers 
P. 0, Box 96 
Wilmington, NC 28402 

Dr. Richard Kott, DP-33 
Senior Staff Member 
U.S. Department of Energy 
Washington, DC 20585 

Mr. Arthur T. Anderson 
Office of Surface Mining 
Reclamation and Enforcement 
U.S. Department of Interior 
Washington, DC 20240 
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Ms. Catherine Robertson 
Bureau of Land Manageoent 
U.S. Department of the Interior 
1215 C Street, SE 
Washington, DC 20003 

Dr. John F. Paul 
Environmental Research Lab. 

U.S. EPA 

South Ferry Road 

Narragansett, RI 02882 

Mr. John J. Bascietto 
Wildlife Biologist 

U.S. Environmental Protection Agency 
Washington, D.C. 20460 

Ms. Gloria Stiltner 

Office of Water Data Coordination 

U.S. Geological Survey 

MS 417, National Center 

Reston, VA 22092 

Mr. James Wray 

U.S. Geological Survey 

U.S. National Center, M.S. 521 

Reston, VA 22092 

Ms. F>ctty Grazlanl 
U.S. Geological Survey 
Reston, VA 22092 

Mr. Charles J. Robinorc 
U.S. Geological Survey 
U. S. National Center, MS-521 
Reston, VA 22092 

Mr. James Wray 
U.S. Geological Sur%ey 
U.S. National Center, MS-521 
Reston, VA 22092 

Ms. Betty Grazlanl 
U.S. Geological Survey 
Reston, VA 22092 

Mr. Charles J. Roblnore 
U.S. Geological Survey 
U.S. National Center MS521 
Reston, VA 22092 
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Mr, Ronald L. Ballard 
Environmental Engineering Branch 
U.S, Nuclear Regulatory Commission 
Washington, DC 20555 

Ms. Germain LaRoche 

U.S. Nuclear Regulatory Commission 

Washington, DC 20555 

Mr. Enrico F. Conti 

U.S. Nuclear Regulatory Commission 

Washington, DC 20555 

Mr. John Stewart 

U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Mr. Anton A. Slnlsgalll 

U.S. Nuclear Regulatory Commission 

Washington, DC 20555 

Mr, Eric Weinstein 

U.S. Nuclear Regulatory Commission 

Washington, DC 20555 

Mr, James Conlson 

U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Mr, Enrico F. Conlti 

U.S. Nuclear Regulatory Commission 

Washington, D.C. 20555 

Mr. John Stewart 

U.S. Nuclear Regulatory Commission 
Washington, D.C, 20555 

Mr. Philip R. Reed 
Research Program Manager 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Mr. Alan Clttlng 
Director, Computer Center 
URI/GSO 

Narragonsetts, RI 02887 

Mr. Kira A. Richardson 
Marine Research Spec 
URI/GSO 

Nar ragansetts, RI 02887 
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Mr. Charles B. Yuiil 
Box 418, RD 5 
Carlisle, PA 17013 

Mr, Marty Connolly 
USAF/LEYSF 

Washington, D.C. 20330 

Mr. Ron Kroof 
USAF/LEYSF 

Washington, D.C. 20330 

SQ USAF/LEYSF 
Mr. Brian Lenz 
Washington, D.C. 20330 

Mr. Richard A. Kestle 
USDA/SRS/Remote Sensing Branch 
South Bldg., Room 4832 
Washington, DC 20250 

Mr. Ronald G. McLeod 
University of California 
4800 Oak Grove Drive, 168-514 
Pasadena, CA 91109 


Dr. John Estes 
Department of Geography 
University of California 
Santa Barbara, CA 93106 

Mr. Joseph Scepan 
Remote Sensing Unit 
Geography Department 
University of Call'ornla 
Santa Barbara, CA 93106 

Mr. Marios J. V7, Thorp 
Department of Geography 
University of Georgia 
Athens, GA 30602 


Mr. Marcus J. W. Thorp 
Department of Geography 
University of Georgia 
Athens, GA 30602 


Mr. Robert M. Ragan 
Department of Civil Engineering 
University of Maryland 
College Park, MD 20742 
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Mr. Jack Fellows 
Department of Civil Engineering 
University of Maryland 
College Park, HD 20742 

Mr, Jonathan A. Oski 
Department of Landscape Architecture 
University of Massachusetts 
Amherst, llA 01003 

Mr. Timothy Aston 

Department of Landscape Architecture 
University of Massachusetts 
Amherst, HA 01003 

Mr. Anthony Jackman 
Department of Landscape Architecture 
University of Massachusetts 
Amherst, MA 01003 

Dr. Ray Harris 
Honorable General Secretary 
Remote Sensing Society 
University of Reading 
2 Early Gate 
Reading RG6 ZAU 
Berkshire, UK 

Mr. Barry D, Solomon 
Department of Geology & Geography 
West Virginia University 
Morgantown, WV 26506 

Ms, Suzanne B. Watkins 

Tawes State Office Building, B-3 

Annapolis, MD 21401 

Mr. Rod Heller 

Wlrth Associates 

1009 Grant Street, Suite 304 

Denver, CO 80203 

Hr. Akin Oduolowu 
The World Bank 
1018 H Street, N.W. 

Washington, DC 20433 

Mr. Joseph K. Berry 

School of Forestry and Environmental Studies 
Yale University 
Sage Hall 

New Haven, CT 06511 
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Dr. Norman McLeod 

American Science and Technology Inc. 
Suite 501 

4401 East-West Highway 
Bethesda, Md 20814 

Dr. Fred Gunther 
Computer Science Corporation 
8728 Colesville Road 
Silver Springs, Md 20910 

Dr. Fred Henderson 
Geosat Committee 
153 Kearney Street 
Suite 209 

San Francisco, Ca 94108 

Mr. Vince Robinson 
Hunter College 
CUNY 

New York, N.Y. 10031 
Marc Imhoff 

NASA Goddard Space Flight Center 
Code 902. 1 
Greenbelt, Md 20771 

Herbert W. Blodget 

NASA Goddard Space Flight Center 

Code 902. 1 

Greenbelt, Md 20771 

Mr. Jimmie Weber 
NASA Headquaters 
Cdoe ETS-6 

Washington, D.C. 20456 

Dr. Charles Cushwa 
U.S. Department of the Interior 
Fish and Wildlife Service 
Rt3, Box 44 

Kearneysville , WV 25430 
Dr. James Wlilte 

Remote Sensing Systems Laboratory 
University of Maryland 
College Park, Md 20742 









